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Section 1 
INTRODUCTION 


The measurement of snowpack parameters by remote sensing tech- 
niques is of scientific interest and has considerable economic importance. 
Presently, ground-based point measurements along with a few aircraft mea- 
surements are the primary data used for hydrologic predictions in such ap- 
plication areas as agriculture, electric power generation, and flood fore- 
casting. Ground-based measurements are by necessity limited in their tem- 
poral frequency of observations and spatial coverage. Because snow cover 
can change quite rapidly over large areas, better estimates of important 
snowpack parameters require the more complete temporal and spatial cover- 
age provided by remote sensing techniques. With more extensive temporal 
and spatial coverage, seasonal behavior of snowpacks could be studied and 
better prediction models could be developed. Reasonable estimates of the 
total volume of water contained in snowpacks would allow for more efficient 
water management and conservation practices. 

Ground-based measurements, reported in Reference 24, indicate 
that the 37 GHz ( \ - 0. 81 cm) portion of the frequency spectrum is quite 
sensitive to changes in snowpack water equivalents (or mass per unit area) 
for dry snowpacks. The brightness temperature measured by the radiometer 
decreases as the snow water equivalent being measured increases, where 
tile effect is approximately the same for both horizontal and vertical polari- 
zations. The physical theory for this microwave behavior is discussed in 
Reference 15, which also contains additional ground-based and aircraft 
measurement program reports. 

The source of the remote sensing data used in this study is from 
the Nimbus -6 Electrically Scanning Microwave Radiometer (ESMR-6) in- 
strument mounted on the Nimbus -6 satellite. The frequency of the ESMR-6 
is 37 GHz with both horizontal and vertical polarization measurements. The 
Nimbus -6 satellite was launched on June 11, 1975 into an 1100 kilometer 
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sun- synchronous polar orbit with a period of approximately 107.25 minutes. 
The ESMR-6 antenna beam is scanned electronically through 71 discrete 
positions every 5-1/3 seconds. The ESMR-6 resolution (footprint) for each 
beam position is dependent upon the pitch angle of the spacecraft, and for 
pitch angles between -5° and +5° ranges from 18-22 kilometers in the cross- 
track direction and 35-54 kilometers in the down-track direction (Reference 
25). A complete description of the ESMR-6 instrument and all associated 
information is given in Reference 25. Throughout the remainder of this 
report, the abbreviation ESMR will be used to denote data from the ESMR-6 
instrument. 


Several snowpack parameters are of interest which include snow 
depth, lateral distribution of snow, onset of melting, extent of melting, 
and diurnal freeze-thaw cycles. Any estimation of snowpack parameters is 
dependent upon establishing that a relationship (correlation) exists between 
ESMR brightness temperatures and, the basic snow parameter, snow water 
equivalent. The primary objective of this study was to answer the follow- 
ing questions: 

a. Does ESMR brightness temperature decrease as snow water 
equivalent increases or equivalently does snow water equiva- 
lent versus ESMR brightness temperature show a negative 
correlation statistically significant from zero? 

b. If a relationship exists between ESMR brightness tempera- 
ture and snow water equivalent, is the relationship valid 
over all values of snow water equivalent or is the relation- 
ship limited to a range of snow water equivalent values ? 

c. If a statistically significant correlation exists, how well 
can snow water equivalent be estimated from ESMR bright- 
ness temperatures with a linear regression model, and can 
these estimates be improved by including other, regularly 
reported, variables along with ESMR brightness tempera- 
tures in a multiple linear regression model? 


Several prospective snow sites were investigated for possible in- 
clusion in this study. The selection of snow sites for analysis was based cn 
a subjective evaluation in terms of the factors of snowpack/ground truth data 
base, temporal stability of the snowpack, uniformity of snow, areal extent 
of the snowpack, vegetal cover, terrain suitability and water/land boundaries 
for registration of the ESMR footprint. Two sites were selected for analysis: 
Site 1 is in the Red River Drainage Basin located in the Provinces of Manitoba 
and Saskatchewan, Canada, and Site 2 is in the St. John River Basin in the 
Province of New Brunswick, Canada. One time period (in early February, 
1976) was investigated for Site 1 and three time periods (in January, Febru- 
ary, and March, 1976) were investigated for Site 2. The snow/ ESMR data 
from these two sites were analyzed to successfully establish the feasibility 
of estimatingj the basic snow parameter snow water equivalent from ESMR 
brightness temperature. Additionally a valid range for the snow water 
equivalent/brightness temperature relationship can be inferred for the 37 
GHz case. The applicability of a linear regression model to the snow water 
equivalent estimation problem was established and the enhancement possible 
from a multiple linear regression model verified. Sufficient data from these 
two sites were not available to thoroughly study the various snow parameters 
associated with melting. Detailed results and analysis performed in this 
study are discussed in Section 2. A summary of these results is given in 
Section 3. 

This report contains four major sections: Section 1 - Introduction, 
Section 2 - Technical Discussion, Section 3 - Summary and Conclusions, and 
Section 4 - References. Statistical methodology is given in Appendix A. A 
considerable amount of data were used for analysis and these data are given 
in tabulated and plotted form in Appendices B - F. Appendix G gives for 
Site 2 the location of snow observations relative to agricultural land use and 
also the physiographic divisions and topography for the Saint John Basin. 


Section 2 

TECHNICAL DISCUSSION 


A complete discussion of the technical work performed with de- 
tailed analysis results is presented in the subsections of 2.1, Analysis Sites 
and Available Data, 2,2, Analysis Programs and Data Processing, 2. 3, 
Linear Correlation Analysis, 2.4, Multiple Correlation and Regression 
Analysis, and 2. 5, Single Orbit Analysis. A considerable amount of data 
were used in the analysis, and a number of associated factors are important 
in the interpretation of the analysis results. The first part of this section 
will briefly discuss the data used for analysis, relevant statistical concepts, 
and important analysis factors; appropriate correlation results will also be 
given. The basic data used for analysis are given in Appendices B through 
F in tabulated and plotted form. By necessity, to clarify the discussion, 
certain information, data, and/or correlation results will be repeated through 
all parts of this section as required. 

The snow measurement used for analysis is snow water equivalent 
given in inches of water. Occasionally in this report, the terms snow or 
snow depth will be used; these terms will always refer to snow water equiv- 
alent. The term ESMR data will also be used; this term is used to designate 
the horizontal brightness temperature (TH), the vertical brightness temper- 
ature (TV), or both. The Julian day number in 1976 with the letter N or D 
will be used to identify a particular orbit of ESMR data used for analysis, 
e.g* , the night orbit on March 1, 1976 would be denoted 61N, while the day 
orbit on February 10, 1976 would be denoted 41D. 

Analysis was performed on two snow sites in Canada. Site 1 is 
located in the Provinces of Manitoba and Saskatchewan, and Site 2 is located 
in the Province of New Brunswick. Site 1 had snow water equivalent values 
between 0.7 and 4.5 inches. Site 2, depending on the month, had snow water 
equivalent values between 2. 9 and 14. 5 inches. The time period of interest 
for both Site 1 and Site 2 was based on availability of snow course measure- 
ments. The ESMR data used for analysis was dependent upon a sufficient 
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number of unobscured water- land boundaries for registration of the ESMR 
footprints. The time period of interest for Site 1 was February 9» 1976 
through February 13, 1976. Appropriate portions of two orbits of data were 
used for analysis, the night and day observations on February 10, 1976 (41N, 
41D). The time periods of interest for Site 2 were January 5 through January 
9* 1976. February 2 through February 9, 1976, and March 1 through March 3, 
1976. Data were analyzed for the following: the day orbit on January 6 (6D), 
the day orbit on January 8 (8D), the night orbit on February 3 (34N), and the 
night orbit on March 1 (61N). 

Analysis results for the designations 61R and 61E will also be 
given throughout this report. For the 6 IN data set, a plot of snow water 
equivalent versus ESMR data showed that one low and four high snow values 
appeared to be isolated from the main clustering of the data (outliers). The 
data in 61R is the same as that for 6lN but with the five outliers removed. 

For all data sets but 6lE, the ESMR data were chosen as those closest in 
location to the measured snow location, with certain footprint restrictions. 
For 61E, a snow water equivalent value was interpolated from a contour map 
for the March 1-3 period for every ESMR observation within the contour 
bounds. The analysis results for 6lE were reported in the January-March 
Quarterly Progress Report, Reference 16, and portions of these results 
will be included for completeness. 

The emphasis in this contract was on empirical data analysis 
using correlation and regression techniques. A complete discussion of the 
statistical techniques used for the analysis is given in Appendix A, Correla- 
tion and Regression. However, a brief review of the relevant concepts will 
be given as follows. Throughout the discussion the y variable will be ana- 
logous to snow water equivalent values and the x variable to either the 
horizontal or vertical ESMR brightness temperature. Given N paired 
observations of y and x , one is interested in how closely y and x are 
related (correlated) and/or how well changes in y , the dependent variable, 
can be determined from changes in x , the independent variable. 

In correlation, the assumption is made that y and x are from a 
bivariate normal distribution which is completely defined by the means /x x , 
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Z 2 

u . the variances cr , cr > and the correlation coefficient Detween y and 
“y x y 

x , p * An estimate of the correlation, r , is made from the sample, and a 
"t n test is made to determine if r is significantly different from aero at 
some confidence level, 100* ( 1 - ce) , i. e. , the probability that a value as 
large as the observed r could occur by chance is a , The value of a is 
usually chosen as 0. 05 or 0. 01. The value of r ranges from -1. 0 to 1. 0. 
In this analysis, negative values of r are desired because the ESMR values 
are expected to decrease as the snow water equivalent increases. 

The linear regression model is given by 

y s £ 0 + /?!* + e * 

where e is assumed to the error in y and is normally distributed with 

2 

mean zero and variance cr . The independent variable x is assumed to 
be free from error. If x is in error, then will always be underesti- 
mated and tend to zero as the joint errors increase. Using a circumflex, 
or "hat" to indicate estimated quantities, the predicted value of y. , y^ is 
given by 

A A A 

y. = {3 + /S. x. . 

J i o ^1 i 

A 

The sample correlation coefficient r and , the estimated slope of the 

regression line are related through the estimated standard deviations of y 

and x (er , cr J as 
v y x 


3 = Zl. 

P 1 A 


where will have the same sign as r . A test can be made to determine 
A 1 

if is significantly different from zero, i. e. , if the slope is not signifi- 
cantly different from zero, y equals a constant and x is of no value in 
. A 

determining changes in y . The test for is algebraically equivalent to 
the test for r . 


1 
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The square of the sample correlation coefficient, , and the 
standard error of estimate <r can be used as qualitative measures of how 

y 

well a model fits the data. The object of any regression is to explain as 
much of the total variance of y , cr^ , as possible. For more than one inde- 
pendent variable, multiple regression, the independent variables which 

explain the most variance of y are the most important variables. The value 
2 

of 100* r is the percent variance of y explained by the fitted model. In 
terms of sum of squares. 


2 

r 


1 . 0 


A \2 
D y i ~ y i> 

E( y i - y) z 


* 


and r varies from 0 to 1. 

The standard error of estimate or the standard deviation of the 
prediction is given by 


crA 

y 



2>i- 



2V/2 


and varies between 0 and 


{N-l/N-2) i/2 ‘ a- . 

Y 


All statistical results in this report include r (the sample cor- 
relation coefficient), the significance of r (NS = not significant, ## = sig- 
nificant at the 95 percent level, ### = significant at the 99 percent level), 

2 

100# r (the percent variance explained), cta (the standard error of esti- 
A ^ 

mate), and <r (the standard deviation of y ). 


Before summarizing the analysis results, certain circumstances 
should be discussed. The analysis results pertain basically to an uncon- 
trolled experiment with unknown errors in the variables. Therefore, asso- 
ciated information is important in assessing any results. Besides the ran- 
dom errors in the snow and ESMR measurements, each set of observations 
have local variability in terrain, surface materia], vegetation, surface 
temperature and weather conditions. 
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The random error in the snow measurements is unknown but 
should be small. Some error will occur, especially in areas of rapid spa- 
tial changes in snow depth, because the snow is taken as a point source and 
the ESMR is an integrated value with a relatively large footprint. The lack 
of coincidence between the snow and ESMR measurement could be a source 
of error, but the method of selecting relevant snow data was chosen to mini- 
mize this problem (see Section 2.2). 

The potential random errors in the ESMR data and their possible 
effect on observing a relationship between snow water equivalent and ESMR 
data were discussed in the January-March Quarterly Progress Report, 
Reference 16. Assuming 75 percent of the mean square error was a bias or 
calibration error, the random errors in ESMR measurements would have a 
standard deviation of 1. 25° at the original specification of the instrument 
and 2. 5°-3. 0° as an estimated high value. Figure 2-1 shows the measured 
relationship of snow to brightness temperatures at various wavelengths. 

The curves were derived from ground-based measurements of dry snowpack 
at Crater Lake, Oregon in March of 1970. This figure was adapted from 
Figure 1-1 of Reference 15 which was based on results given in Reference 
24. Of interest is the slope of both the horizontal and vertical curves for 
37 GHz ( \ - 0. 8 cm). For snow water equivalent of 0. 0-5. 0 inches, the 
slope is approximately 6°/inch of water, and for snow water equivalent of 
5. 0-8.0 inches, the slope is approximately 5°/inch of water. For snowwater 
equivalent of 8.0-11.0 inches, the slope is approximately 1.3°/inch of water 
equivalent, and the slope to be estimated is near the lowest expected standard 
deviation of the random error of the ESMR data. Hypotheses was made in 
Reference 16 that for high values of snow water equivalent (deeper snow) a 
statistical relationship between snow and ESMR temperatures could be diffi- 
cult to establish and that the presence of deeper snow could degrade the cor- 
relation for other ranges of snow values. As ESMR variables in the correla- 
tion analysis are the independent variables and assumed error free, any 
ESMR random error will lower the estimated regression slope and correla- 
tion coefficient from their true values. Also the Crater Lake measurements 
were taken with uniform background conditions, terrain and surface materials. 
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H - HORIZONTAL POLARIZATION 
V - VERTICAL POLARIZATION 


X - WAVELENGTH 


X-6.0 CM, V (RELATIVE MEASUREMENT) 


X “ 6.0 CM, H (RELATIVE MEASUREMENT) 


SLOPE - 
5°/INCH H_0 


SLOPE = 
1.3°/INCH H,0 


MASS PER UNIT AREA (GM CM*'*) 


Figure 2-1 „ Measured Relationship of Snow to Brightness Temperature 




The change in the snow -brightness temperature relationship due to hetero- 
geneous terrain and surface material cannot be predicted but the measured 
relationship will certainly be degraded. 

Terrain, surface material, and weather are important in exam- 
ining the results for Site 1. Measurement elevations ranged from 730 feet 
to 2350 feet. The lower elevations are found in the river valleys and between 
Lake Winnipeg and Lake Manitoba. The higher elevations are in the western 
portion in the Turtle, Duck, and Riding Mountains and the Porcupine Hills. 
The higher snow values were generally associated with the mountain areas. 
The physiography of Site 1 is the result in major part, to continental glaci- 
ation with the eastern and northern portions having many small and large 
shallow lakes. Surface material is described in Reference 18 as "In the 
vicinity of Winnipeg unmodified glacial drift, called hard pan and forming 
an uneven surface varying in thickness from 30 to 50 feet, is found at depths 
between 4 and 60 feet below the surface. The glacial drift is generally 
overlain with lacustrine deposits of highly plastic clays which have the 
capacity to hold large quantities of moisture. At several places 5 to 10 
miles downstream from the city pre -glacial limestone protrudes through 
the hard pan to lie close to the surface. " No information could be found 
about the mountain regions. However, as most are provincial parks, forests 
would be present. 

Appendix F, Meteorological Data for Sected Stations, gives daily 
precipitation (in 100th inches of water), maximum temperature (°F), mini- 
mum temperature (°F) and hours of bright sunshine data for five days be- 
fore the observation day and one day after for all data analyzed. Table F-2 
gives the Site 1 data and shows that maximum temperatures were in the high 
30's to mid-40's for three days preceding the February 10,1976 observations; 
on the 10th, maximum temperatures ranged from 4° to 28° over the area. 
According to the Canadian Weather Review (Reference 8), over the Prairie 
Provinces, " numerous daily maximum records were established during the 
first half of the month, " and "during the mild weather snowpacks were de- 
pleted by several inches and some southern areas became bare. " No pre- 
cipitation was measured in the five days preceding February 10, 1976, and 
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no precipitation was indicated at the time of the ESMR measurements on 
the 10th. 

For Site 2, vegetation, terrain, and weather are important con- 
siderations. Over 75 percent of the area is covered with trees, with Black 
Spruce being the most plentiful tree. Wet snow in the branches of non- 
deciduous Black Spruce trees could cause a problem. Measurement ele- 
vations in the area ranged from 130 feet to 1500 feet. For February 3 (34N) 
the weather was clear and below freezing. For March 1 (61N), tempera- 
tures were below freezing with some clouds. 

The weather for January 6 (CD) and January 8 (8D) required some 
discussion. A large quantity of data was examined in selecting orbits for 
analysis. The original idea was to use only night orbits, which would elim- 
inate problems of sunshine on the snow. However, the number of orbits for 
analysis was quite limited, and it was decided to use all available data. No 
night orbit was available for January 6 and the night orbit for the 8th had 
clouds obscuring all water -land boundaries. The initial examination of the 
ESMR data suggested that the day orbits for both the 6th (CD) and the 8th 

(8D) were taken under conditions of precipitation (higher awad 

low polarization differences). The idea was then to include samples with 
precipitation conditions as an example of what would happen to snow- 
brightness temperature relationships. Indeed a minor front with light pre- 
cipitation (see Table F-3, Appendix F) was present on the 8th and hourly 
precipitation data from Maine (Reference 9) showed that the last reported 
precipitation on the 8th was at local times of 0800, 0900, 1300, and 1200 
for Caribou, Houlton, Ground Lake Stream and Eastport. As Maine is on 
eastern standard time, the ESMR observation would be at about 1030 EST. 
Upon closer examination, the weather on January 6 was clear and cold. 

In the area of the snow observations, compared to the surrounding area, 
the vertical temperature was constant around 230°-240°, but the horizontal 
temperature increased from below 220° to 225°-233°. The same structure 
had been observed in the Longfellow Mountains of Maine. Elevations in the 
area range from below 1000 to around 2300 feet. This suggests the higher 
temperatures and lower polarizations could be due to terrain effects during 
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the daytime observation. In, general, no correlation between snow and 
ESMR would be expected for 6D and 8D. 


Several combinations of variables were used in this analysis, 
where detailed results are given in subsequent sections. For each of the 
sample sets, 41N, 41D, 6D, 8D, 34N, 61N, 61R and 61E, the sample cor- 
relation coefficient between snow water equivalent and the horizontal and 
vertical brightness temperatures, individually, were computed. Correla- 
tions were computed for the same data sets allowing only data points with 
polarization differences (A = TV-TH) of less than 21° into the computations. 
An analysis of polarization differences was performed for all data sets. 

Next a set of multiple correlations were computed using various other vari- 
ables in conjunction with the ESMR variables to try to improve the correla- 
tion and predictability of the snow water equivalent. 


The multiple regression analysis was originally started to try to 
better understand the ESMR data in terms of routinely reported data. 
Because of the magnitude of the random errors, the horizontal and vertical 
brightness temperatures would be the logical choices for the dependent vari- 
able in a regression analysis. If an adequate relationship for the ESMR 
data in terms of other variables could be esf:=tKHg_ hf*d J J&g^hr-r.-i^ jpj d ESMR : — 


data could be adjusted to eliminate temperature variations caused by the 
variability in local conditions." Then the adjusted ESMR values could be 


used for establishing the relationship with snow water equivalent. The only 
routinely reported quantities of potential value are precipitation from pre- 


ceding days, maximum temperature, and minimum temperature. Precipi- 
tation would tend to indicate the depth of new snow and, crudely, the condition 
of the snow. As the local ground temperature is important, but usually not 
available, the proper use of maximum and minimum temperatures could 
serve as an indication of relative local ground temperature. For night 
orbits the maximum temperature from day-1 and the minimum temperature 
from the day of the observation would be used. Of course, the relationship 
would also be conditional on the snow water equivalent. Un£ortunately»the 
ESMR temperature relationship was much too complicated for this simplis- 
tic approach. However, it was discovered through this analysis that snow 
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water equivalent is generally positively correlated with the elevation of the 
snow course measurement location, especially for Site 2, and the elevation 
can be helpful in predicting snow water equivalent (maximum temperature 
is generally negatively correlated with elevation). 

The complete details of the analysis are given in tabulated form 
in Sections 2. 3 through 2. 5. The following briefly summarizes some of the 
correlations found, H and V will be used to denote the horizontal and 
vertical brightness temperature, respectively. The correlations presented 
are between snow water equivalent and H or V. For Site 1, no significant 
correlations were found for 4 IN. For 4 ID, V had a correlation of +0. 28 
which was significant at the 95 percent level, although only 7. 9 percent var- 
iance was explained. 

For Site 2, as expected,no significant correlations were found for 
either 6D or 8D. For 34N, V had a correlation of -0. 64 which was signifi- 
cant at the 99 percent level with 41. 3 percent variance explained. For 6 IN 
with a snow water equivalent range of 2. 9-14. 3 inches, H and V had cor- 
relations of -0.40 and -0. 32 which were not significant at the 95 percent 

level. For 61R, the subset of 6 IN with a snow water equivalent ran ge of 

4.9-10.2 inches, H _ and V correlations were -0.51 and -0.75 which were 

significant at the 99 percent level and with a variance explained values 
2 

(100^r ) of 37. 5 and 56. 6 percent. The results for 6 IE, with snow water 
equivalent given by contour values, were given in Reference 16, but are 
repeated here. H ar.d V had cpr relation s-o£ — OT i -24---and'''-'0'.~53''whTcH'are~ 
significant at the 95 and 99 percent levels respectively with variance 
explained of 6. 0 and 28. 0 percent respectively. The subset of 6 IE with snow 
water equivalent in the 5. 0-8,0 inch range gave H and V correlations of 
-0. 39 and -0. 65 which are significant at the 95 and 99 percent levels, respec- 
tively and had variance explained of 15.0 and 43. 0 percent. The subset of 
61E with snow water equivalent in the 8. 0-11. 50 inch range showed no sig- 
nificant correlations. 

Restricting the data to a polarization difference of less than 21° 
generally improved the correlation with the horizontal more than the corre- 
lation with the vertical. For Site 1, the number of samples were reduced 
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from 49 and 51 to 5 and 10, respectively, for 41N and 41D with no significant 
H and V correlations. No significant correations were found for 6D and 8D 
as for 6D no points were eliminated and for 8D only two points were eliminated. 
For 34 N, the correlations for H and V were raised from -0,32 and -0. 64 to 
-0, 55 and -0. 82, with significance at the 95 and 99 percent levels respectively, 
and variance explained of 30.6 and 67.9 percent. For 61N, the correlations 
for H and V were raised from -0.40 and -0. 32 to -0. 59 and -0. 59 which are 
significant at the 95 percent level and with variance explained of 35. 1 and 
35.3 percent. For 6lR, the H and V correlations were raised and slightly 
degraded, respectively, from -0. 6l and -0.75 to -0.71 and -0.71, both sig- 
nificant at the 99 percent level and with variance explained of 51.0 and 50.4 
percent. For 6lE, the H and V correlations were raised and slight degraded, 
respectively, from -0.24 and -0. 53 to -0,40 and -0.46, significant at the 95 
and 99 percent level, respectively, with variance explained of 16.1 and 20.8 
percent. 

The correlation between snow water equivalent and elevation is 

of interest, where one would expect a positive correlation, the higher the 

elevation the deeper the snow. Using the format data set (r , significance 

2 

level, 100* r ) the correlations and associated information between snow 

water equivalent and el evation are for 41N fO. 31, 9 5 % . 9 . 3V: ..AI X) ( 0 , 27 -. 

Ns 7*7. 2); 6D (0.90, 99%, 81.0); 8D (-0. 12, NS, 1. 5); 34N (0. 49, 95%, 23.6); 
61N {0.79, 99%, 62. 5) and 6lR (0. 50, 95%, 25, 0). No elevation analysis or 
multiple regression was performed on 6 IE because the data could not be 
obtained. 

Using the horizontal, vertical and elevation as the independent vari- 
ables, a multiple correlation coefficient |r| can be calculated along with 
lOO^r , the variance explained. Generally, correlations are improved 
using these three independent variables. However, a little care must be 

exercised because in the case of 6D all the correlation is due to elevation, 

2 

With the format of Day (M. significance, 100^r ) , the multiple correla- 
tion coefficient results are for 41N (0.31, NS, 9.8); 41D (0.41, 95%, 16.6); 

6D (0. 91, 99%, 83. 5); 8D (0.47, NS, 22.5); 34N (C. 78, 99%, 60. 3);blN 
(0.78, 99%, 63.9) and 61R (0.77, 99%, 59.7). Generally, for most data 
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sets, the correlation and percent -variance explained are only slightly lower 
if only the vertical brightness temperature and elevation are used as the 
independent variables. 

2. 1 ANALYSIS SITES AND AVAILABLE DATA 

The two sites analyzed are located in Canada. Site 1 is located 
in the Prc inces of Saskatchewan and Manitoba, covering an area approxi- 
mately born led by 49°N to 52°N latitude and 102°W to 96°W longitude. 

Site 2 is loca ed in the Province of New Brunswick, covering an area 
approximately bounded by 45°N to 48°N latitude and 71°W to 6 5°W longitude. 
Figure 2-2 is a map of Canada, taken from Hammond's Ambassador World 
Atlas, C. S. Hammond and Company, Maplewood, New Jersey. 

For Site 1, the snow observations are from the northwestern por- 
tion of Red River Drainage Basin which contains several river basins. Fig- 
ure 2-3 (Ref 18) shows the Red River Drainage Basin. A major portion of 
the area in Manitoba is covered by Lake Winnipeg, Lake Manitoba, Lake 
Winnipegosis, and various other lakes. In the southwestern portion of 
-Man itoba, the Porcupine Hills, Duck and Riding mountains separate the flat 
land regions of Manitoba and Saskatchewan, where elevations are £fc>uu to 
2750 feet and generally about 1000-1500 feet above surrounding flat land. 
Areas in Manitoba not covered with water are characterized as treeless 
prairie and thickly forested parklands. Saskatchewan contains a number of 
rivers. The southern part of the show area in Saskatchewan is a plain with 
a gradation to the north into mixed woodlands interspersed with large lakes. 
The two major cities in Site 1 are Regina, Saskatchewan in the west and 
Winnipeg, Manitoba in the east. The Hudson Bay is north-northeast of 
Site 1. 

For Site 2, the snow observations are from the St. John River 
Basin, shown in Figure 2-4. In New Brunswick, Site 2 is a relatively flat 
area containing the St. John River, except in the northeastern portion where 
elevations range from 1000 to 2300 feet. Over 75 percent of the area is 
covered with trees, with Black Spruce being the most plentiful tree. From 
east to west. Site 2 progresses from flat land interspersed with many lakes 
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Figure 2-4. St. John River Basin 
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to the northern portion of the Longfellow mountains (elevations of peaks 
ranging from 3000 to 5200 feet) in Maine. Major water features around 
Site 2 are the Gulf of St. Lawrence to the north northeast and east, the Bay 
of Fundy to the south and the St. Lawrence River to the north northwest. 

Cities within the area are Caribou, Maine and Edmunds ton. New Brunswick 
in the northwestern portion and Fredericton, New Brunswick in the south- 
eastern portion of the area. 

Snow data are given in water equivalent snow depth with units of 
inches. Microwave (ESMR) data are for the frequency of 37 GHz with data 
given in degrees Kelvin for a horizontal polarization and a vertical polarization. 
The original time periods of interest were February 9, 1976 through Feb- 
ruary 13, 1976 for Site 1 and February 29, 1976 through March 1, 1976 for 
Site 2. By using published snow course data, the time periods for January 
5-9, 1976 and February 2-9, 1976 were also included for Site 2. Table 2-1 
gives a summary of ESMR data available for analysis in the time periods of 
interest. Readers familiar with the January-March 1977 quarterly progress 
report (Ref 16), will note that February 12, 1976 night and day orbits are 
not included. No attitude correction could be obtained for either the night 
or day orbit because the night orbit was west of the Great Lakes and had no 
data south of 46° latitude and the day orbit had only a small part of Lake 
Superior free from clouds, which was insufficient for the correction 
procedure. 

Table 2-1 

SUMMARY OF ANALYSIS DATA 


Site 

Julian 

Day 

Date 

GMT 

Time 

Approx 
Local Time* 

Time of 
Day Local 

1 

41 

2/10/76 

0647 

0100 

Night 

1 

41 

2/10/76 

1710 

1100 

Day 

2 

6 

1/06/76 

1511 

1100 

Day 

2 

8 

1/08/76 

1532 

1130 

Day 

2 

34 

2/03/76 

0436 

0030 

Night 

2 

61 

3/01/76 

0509 

0100 

Night 


* Site 1 Central Standard Time, six hours behind GMT; Site 2 Atlantic Standard 
Time, four hours behind GMT. 
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ANALYSIS PROGRAMS AND DATA PROCESSING 


A number of computer programs were used in this study. Table 
2-Z gives a mnemonic and description of each program. All computations 
were performed on an IBM 360/75. 

Table 2-2 

COMPUTER PROGRAMS 


Mnemonic 

COPY 

DSORT 

STREP 

ALBP 


P61 


ESMRPLOT 


CR TRACK 


ATTCR 


Description 

AESC system tape copy. 

AESC system small disk sort 

Combines all data at same time 
into one record. 

Prints data for every beam position 
with a descriptive designation 
(blank, water, rain) of the 
observation. 

Prints in compact form all data for 
a record (TH, TV, Latitude, 
Longitude) 

Plots the locatioi of each observation 
with values of TH and TV over se- 
lected latitude and longitude ranges, 
2° x 2° per page on a scale of 5" 
per degree. 

Produces a card deck with latitude 
and longitude of the center beam 
position for each record, sets a 
flag if data not found. 

Uses the data from CR TRACK to 
compute the attitude correction for 
each record, given an attitude cor- 
rection at a specific initial latitude 
and longitude. 
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Table 2-2 (Continued) 
COMPUTER PROGRAMS 


Mnemonic 


DCORCT 


LINREG 


MULTREG 


PLOTW 


DSTATS 


Description 

Uses the output from ATTCR 
to produce an attitude corrected 
tape of ESMR data. 

Computes regression and correlation 
values for snow (H^O) versus hori- 
zontal, vertical, or their average 
for both a linear and exponential 
model, with data screening on 
snow range and/or the difference 
of vertical minus horizontal. 

Computes multiple regression 
values for any combination of two 
or more input variables, with the 
option for any variable as the 
dependent variable and any subset 
of the rest as independent variables. 

Cal comp plot of an independent 
variable versus snowwater 
equivalent 

Computes summary statistics of 
variables and histograms of 
polarization differences (TV-TH) 


In the ESMR data processing sequence, the raw ESMR data were 
run through the program sequence of COPY, DSORT (time and longitude), 
STRIP, and P61. The outputs from STRIP and P6 1 were used to select 
orbits for analysis, based on sufficient data within the required time and 
latitude -longitude windows. The potential orbits for analysis were then 
examined for the possible application of an attitude correction (to be dis- 
cussed later). If no correction was possible due to lack of water-land 
boundary data or obscuration of water -land boundaries by clouds, the orbit 
was removed from further consideration. If necessary, an attitude 
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correction was performed by running the program sequence CRTRACK, 
ATTCR, and DCORCT. Finally, a plot of the corrected data was made 
using ESMRPLOT. 

The base maps for attitude correction are the World, Aeronautical 
Charts (WAC) and the Operational Navigational Charts (ONC). Both map 
types have the same scale of 1:1, 000, 000 (1 inch = 13.7 urn) and use direc- 
tion preserving Lrambert Conformal conic projects with two standard parallels. 
The WAG charts cover the coterminous U.S. , Mexico, and the Caribbean 
and are published and distributed by the National Ocean Survey, the ONC 
charts cover all foreign areas and are published by the Defense Mapping 
Agency Aerospace Center. Primary charts used for this study are WAC 
Chart CF-19 for Site 2, ONC Chart E-17 for Site 1 and WAC Chart CF-18 
for obtaining attitude correction (Bake Michigan and Lake Superior) for Site 1. 

The attitude correction for an orbit was performed by hand using 
the output from P6l and when necessary the outputs from ALBP and ESMR- 
PLOT. Examples of the outputs from P6l and ALBP are given in Figures 
2-5 and 2-6 for the night orbit on March 1, 1976, Site 2, with uncorrected 
data. The attitude correction procedure used is as follows: 

a. A horizontal temperature was chosen as a water -land 
boundary delimiter. The value of 180° proved to be a good 
choice for this study. 

b. All water -land boundary points were determined from P61 
output and using ALBP and ESMRFLOT outputs as required. 

c. Boundary points were plotted on a base map conforming to 
the ONC or WAC chart for the water areas, and the points 

, were connected. 

d. The base plot was overlaid on the appropriate ONC/WAC 
chart, and the base plot was shifted orthogonally keeping 
latitude and longitude lines of the two maps parallel until 
the water -land boundaries were in alignment, 

e. At the center of the fitted area, the differences in latitude 
and longitude between the ESMR data location and the ONC/ 
WAC location were determined, i. e. , the amount of correc- 
tion in latitude and longitude required to be algebraically 
added to the ESMR sue* that the locations of both maps 
agree. 
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Figure 2-5. Example of Output from Program P6l 
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f. The program sequence CRTRACK, ATTCR, and DCORT 
was run to produce an attitude corrected set of data. 

g. The programs P6l, ESMRPLOT, and if required, ALBP, 
were run with the corrected data. The sequence of Steps b 
through e were repeated to test the correction. 

In general, good corrections were obtained for Site 2 using the 
Bay of Fundy, Gulf of St. Lawrence, Northumberland Strait, Chaleur Bay 
and, in some cases, the St. Lawrence River. As the correction was made 
at the snow area, latitudes and longitudes over the whole area were adjusted 
using a constant latitude and longitude correction. 

Good corrections were obtained for the February 10 orbits for 
Site 1. The correction for the night orbit was based on fitting the west side 
of Lake Superior and the day orbit was based on a fit to Lake Michigan and 
the west half of Lake Superior. These corrections from south of Site 1 
were used to obtain the projected corrections at Site 1 on a record by 
record basis. 


Table 2-3 presents the attitude corrections used for this study. 

The particular orbits are identified by Julian day and time of day, e. g. , 

41N is the night orbit for February 10. The base location is the center of the 
fitted area where the correction was found. The sign of the correction 
applies to the ESMR location, e. g. , add -0. 62° latitude to the ESMR lati- 
tude given. Two values are given for base longitude with opposite signs on 
the corrections. The original data gave longitude measured as 0-360°E. 
Because most maps for Canada and the United States give longitude measured 
from 0-180°W, the data in this study uses the 0-180°W designation, where 
the longitude transformation from one system to the other is given by 360° 
minus the given longitude. 

Snow course measurements for a given area are taken over a 
period of a few days. Consequently, inclusion of data for days other than 
the ESMR observation day was necessary to provide sufficient data for 
analysis. The original analysis plan was to use snow water equivalent con- 
tour maps covering measurements taken from February 9, 1976 through 
February 13, 1976 for Site 1 and covering measurements taken from 
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Table 2-3 


ATTITUDE CORRECTION VALUES 


Orbit 

Base 

Latitude 

Location 

Longitude 

Latitude 

Correction 

Longitude 
Corre ction 

41 N 

47 °N 

90°W (270°E) 

-0. 62° 

-0. 35°(0. 35°) 

41 D 

46 °N 

89°W (271 °E) 

-0.73° 

-0. 81°(0. 81°) 

6D 

47 °N 

65°W (295°E) 

-0.52° 

-0.43°(0.43°) 

8D 

47 °N 

67°W (293°E) 

-0. 87° 

-0. 32°(0. 32°) 

34N 

47 °N 

65°W (295°E) 

+ .35° 

0,00°(0.00°) 

61 N 

46°N 

68°W (292°E) 

-0, 60° 

-0. 70°(0. 70°) 


March 1, 1976 through. March 3, 1976 for Site 2. Upon further considera- 
tion, the use of snow water equivalent contour maps became impractical. 
The data for Site 1 had a very small difference in magnitude between widely 
scattered points, making contour values quite subjective and unreliable. 
Although the contours could be used for March 1 at Site 2, no contour maps 
were available for January and February data for Site 2. Another impor- 
tant consideration was the problem of precipitation between the time of the 
ESMR observation and the time of the snow course measurement. The final 
snow water equivalent values used were the actual snow course measure- 
ments; this drastically reduced the sample sizes for analysis but provided 
a much better quality of data. The March 1, 1976, Site 2 data were ana- 
lyzed using actual measured values and contour values fcr comparative 
purposes. The snow course data are given in Reference l. Precipitation 
data are given in References 2-4 and 9-14. Appendix F gives meteorologi- 
cal data for selected stations within the Site 1 and Site 2 areas. 

The snow water equivalent data was selected as follows: 

a. All snow course locations were plotted on the ESMRPLOT 
scale (5 M /degree latitude or longitude). 
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b. The time span of the measurement relative to the ESMR 
observation date was examined (the ESMR data were 
selected so that the observation, if available, fell within 
the span of the snow course measurements), and a range of 
snow days for inclusion was determined. 

c. The snow value was eliminated if the snow data was taken 
after the ESMR data and precipitation occurred on any day 
between and if the snow data was taken before the ESMR 
and precipitation occurred in between^, 

d. Valid snow data were plotted on the output of ESMRPLOT. 

If the snow location fell within the inner 50 percent foot- 
print of an ESMR location, the snow water equivalent value 
was used along with the coincident ESMR values. 

The dates used for snow data are given in Table 2 - 4 . 


Table 2-4 

SNOW DATA SUMMARY 


Orbit 

Dates 

Number 

Comments 

41N 

Feb. 9 -13 

49 

8 points* Ecust of 
96.2°, eliminated. 

41D 

Feb. 9-13 

51 

7 points. East of 
96,2°, eliminated. 

6D 

Jan. 5, 6 

10 

No data before 5th, 
precipitation on 7th 

8D 

Jan. 8,9 

16 

Precipitation on 8th, 
would reduce number 
to 5. 

34N 

Feb. 3-5 

23 

Precipitation on 
Feb. 1 and 2. 

61N 

March 1-3 

23 

Precipitation on 


Feb. 28 and 29« 


#Snow water equivalent values were also eliminated if part of the ESMR 
footprint was over open water or a frozen lake. 
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The variables of elevation, average precipitation days -1 and -2, 
maximum temperature days 0 and -1, and minimum temperature days 0 and 
-1 were used in the study. The elevation is given in Reference 1 for the 
snow course locations. For Site 2, the average precipitation for days -1 
and -2 was used. To obtain precipitation for Site 2, a mix of Canadian and 
U. S. stations was used. In some cases, using daily totals, U. S. and 
Canadian stations in close proximity gave quite different values, indicating 
the totals were for different 24-hour periods. However, the average gave 
compatible numbers*. In a number of locations, especially Site 1, the 
weather observations are taken near the snow course observation. However, 
where necessary, precipitation and temperature values were obtained by 
contouring available data. 

2. 3 LINEAR CORRELATION ANALYSIS 

This section presents the results for the correlation of snow 
water equivalent with the horizontal brightness temperature and the vertical 
brightness temperature, where snow water equivalent is the dependent vari- 
able and either the horizontal or vertical brightness temperature is the 
independent value. The linear regression model is of the form 

y = £ 0 +/? x x + e , 

where y is the snow equivalent water, x is either the horizontal or verti- 
cal brightness temperature, ( 3 q is the intercept, is the slope, and e 
is the unknown random error in y . This section gives results in tabulated 
form for the basic statistics, single variable correlations, estimated 
regression intercepts and slopes, distribution of residuals, correlations 
for polarization difference restricted data, and analysis of polarization 
differences. 

In the analysis, results were obtained for the average of the hori- 
zontal and vertical brightness temperatures as the independent variable. In 


.^Precipitation data are given in Reference 2-4 and References 9 -14* 
Canadian station locations are given in References 5-7. Daily maximum 
and minimum temperature data are given in References 2-4 and 9-11 - 
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all cases, using the average gave a correlation value between the values 
for the horizontal and vertical individually, but never better. Therefore, 
the results for the average have not been included. Also, results for an 
exponential model were obtained; the model is of the form 

7 = J3 Q ' exp (jSj x) + e . 

Here, the correlation is based on the natural logarithm of y with x . In 
almost all cases the correlation coefficient was no better and sometimes 
worse than the correlation for the linear model. Results of the exponential 
model analysis will not be presented. 

The basic data used in the analysis are given in Appendixes B-E. 
Appendix B presents the basic data in tabulated form along with plots of 
snow water equivalent versus the horizontal brightness temperature, the 
vertical brightness temperature, delta or polarization difference, and the 
elevation of the snow course measurement location. Appendix C gives plots 
of the relevant ESMR data as a function of latitude and longitude. Appen- 
dix D gives plots of snow water equivalent as a function of latitude and longi- 
tude, Appendix E gives residual results from the program JLINREG for all 
significant correlations and the best correlation for data sets with no sig- 
nificant correlations. The multiple regression results including residuals 
from MUJLTREG for the best prediction of snow water equivalent in terms of 
variance explained are also given in Appendix E. As a considerable amount 
of data will be presented in this and the following two sections, a quick 
review of the material in Appendixes B-E should be of value to the reader. 

Table 2-5 gives the basic statistics of the mean, the standard 
deviation (tr), the minimum value and the maximum value for the variables 
snow (equivalent inches of water), the horizontal brightness temperature, 
the vertical brightness temperature, the polarization difference of vertical 
and horizontal, and the elevation of the snow course measurement location. 
These statistics are given for the data sets of 41N, 41D, 6D, 8B, 34N, 6 IN, 
61R, and 6 IE. 



Hor 


Vert, 


TV-THA 


Elev, 


Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min. 

Max. 

Mean 

cr 

Min, 

Max. 


Snow (HgO) 


1.93 
0,7? 
0.70 
4. 52 


191. 8 

10.9 

167.0 

212.0 


222.2 

8.3 

208.0 

240.0 


30.45 

8.06 

11.00 

49.00 


1.87 
0.74 
0.70 
4. 52 

4. 90 
1.25 

3.00 
6.70 

4.24 
0. 62 
3.10 
5.40 


190. 5 

8.6 

172.0 

210.0 

223.8 

6.1 

209.0 

233.0 

230.9 

8.1 

217.0 

244.0 


217.4 

9.9 

198.0 

234.0 

235.3 

4.9 

224.0 

240.0 

243. 6 
4.8 

237.0 

252.0 


26.92 

6.84 

13.00 

41.00 

11. 50 

3. 87 

4. 00 
16. 00 

12.69 

7.14 

1.00 

25.00 


5. 87 
1.59 

2.90 
8. 80 

8.13 

2,75 

2.90 
14. 30 

7.39 

1.50 

4.90 

10.20 

8.38 
1.54 

5. 10 
11. 50 


201.6 

10.8 

185.0 

221.0 

221.4 

9.0 

202.0 

237.0 

221.6 

10.0 

202.0 

237.0 

219.4 

10.3 

197.0 
239. 0 


216.4 

7.7 

205.0 

233.0 

242.0 

8.7 

230.0 

255.0 

242.1 

8.8 

230.0 

255.0 

241.5 
8.7 

225.0 

259.0 


14.74 

8.46 

0.00 

30.00 

20.70 

7.30 

8.00 

35.00 

20.56 
7.97 
8. 00 

35. 00 

22.04 

8.46 

1.00 

37.00 


1312.8 

482.6 

760.0 
2350.0 

1286.2 

493.1 

730.0 

2350.0 

900.0 

417.0 

250.0 

1500.0 

461.2 

247.2 

130.0 

1000.0 

581.5 

236.2 

200.0 
1200.0 

567.6 
341.5 

130.0 

1250.0 

484.7 
231.9 

200.0 

1200.0 

NA 

NA 

NA 

NA 













Table 2-6 presents information and statistics on the single varia- 
ble correlations between snow water equivalent and the horizontal and verti- 
cal brightness temperatures. The information present are the date, the time 
of the orbit (night or day), the type data set (all or a subset based on snow 
range), the number of observations, the snow range of the data set in inches 
of equivalent water, che ESMR variable for the correlation (H = horizontal, 

V = vertical), the sample correlation coefficient (r), the significance of r 
(NS = not significant, ** = significant at 95% level, *** = significant at 99% 
level), the 95 percent confidence interval of r (if significant), the percent 
variance of snow water equivalent explained by the linear model (100*r^), 

the standard error of estimate (crA), and the standard deviation of snow 

A ^ 

water equivalent (cr^). The 95 percent confidence interval on r means 
that 95 percent of the time the true population correlation coefficient would 
be expected to be contained within the interval. 

Table 2-7 gives the estimated intercepts and slopes for the linear 
regression of snow water equivalent and the horizontal brightness tempera- 
tures, the vertical brightness temperature, and the elevation of the snow 
course measurement location. The rate of change of the ESMR brightness 
temperatures per inch of equivalent water is given by the reciprocal of the 
slope. 

Table 2-8 gives for Site 1 data sets the distribution, as percent 
frequency, of the residuals of the regression analysis. The residual is the 
difference between the observed value of snow water equivalent minus the 
predicted value. Table 2-9 gives the same information for Site 2 data sets. 
The information given is of the form residual interval (low, high), and per- 
cent frequency in each interval for the horizontal (H) and the vertical (V) as 
the independent variable for each data set. Because the snow range was 
small for Site 1, the interval of 0. 2 inch was used. For Site 2 the interval 
of 0. 5 inch was used for tabulation. 

Table 2-10 gives the single variable correlations when the data 
are restricted to aA = vertical (TV) - horizontal (Til) of less than 21°. A 
more extensive tabulation of correlation as subsets of the total based on 
snow water equivalent ranges and A ranges are given for 61 K in the 
January-March Quarterly Progress Report (Ref 16). 
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Day 

Orbit 

Mnemonic 

Type 

N 

2/10 

Night 

41N 

AU 

49 

2/10 

Day 

41D 

AU 

51 

1/06 

Day 

6D 

AU 

10 

1/08 

Day 

8D 

AU 

16 

2/03 

Night 

34N 

AU 

23 

3/01 

Night 

61N 

AU 

23 



61 R 

Subset 

18 


Night 

61E 

AU 

Contour 

71 

| 3/01 


61£(1) 

Subset 

29 



61E{2) 

Subset 

42 
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Table 2-6 

SINGLE VARIABLE CORRELATIONS 


Snow Range 

ESMR 

Variable 

r 

Sig. 

95% Confidence 

1003 

r 2 


A 

°y 

Min. 

— 

Max. 

Dower 

Upper 

0.70 

4.52 

H 

0.07 

NS 



0.5 

0,78 

0.77 



V 

0.05 

N5 



0.3 

0.7P. 

0.77 

0.70 

4. 52 

H 

0.06 

NS 



0,4 

0,75 

0.74 



V 

0.28 

UKi 

0.01 

0.52 

7.9 

0.72 

0.74 

3.00 

6.70 

H 

0. 61 

NS 



36,6 

1.05 

1.25 



V 

0.49 

N5 



24.3 

1.15 

1.25 

3.10 

5.40 

H 

0.29 

NS 



8.3 

0.61 

0.62 . 



V 

0.46 

NS 



21.3 

0,57 

0.62- 

2.90 

8.60 

H 

— U* 32 

NS 



10.1 

1.55 

1.59 



V 

-0.64 

* 

-0.31 

-0.84 

41.3 

1.25 

1.59 

2.90 

14.30 

H 

-0.40 

NS 



15.8 

2.59 

2.75 



V 

-0* 32 

NS 



10,4 

2. 67 

2.75 

4.90 

10.20 

H 

-0.61 

■!■** 

-0.20 

-0.B4 

37.5 

1.22 

1.50 



V 

-0.75 


-0.44 

-0.90 

55. 6 

1.02 

1.50 

5.10 

11.50 

H 

-0.24 


-0.01 

-0.45 

6.0 

1.50 

1.54 ‘ 



V 

-0.53 


-0.34 

-0.68 

28.0 

1.31 

1.54 

5.10 

8.00 

H 

-0.39 


-0.03 

.-0. 66 

15.0 

0. 90 

0.96 



V 

-0.65 


-0.38 

-0.82 

43.0 

0.74 

0.96 

8.30 

11.50 

H 

-0.08 

NS 



0.7 

0.83 

0. 82 



V 

-0*22 

NS 



5.0 


0.82 






Table 2-7 

ESTIMATED INTERCEPT AND SLOPE FOR LINEAR REGRESSION 
OF SNOW (H ? 0) VERSUS HORIZONTAL, 

VERTICAL AND ELEVATION 



Day 

(Mnemonic) 

Variable 

Intercept 

Slope 

41 N 

H 

0.98 

0.0050 


V 

0.83 

0.0050 


E 

1.29 

0.0005 

41 D 

H 

0.89 

o.oosi 


V 

-2. 70 

0.0210 


E 

1.35 

0.0004 

6D 

H 

-22„58 

0.1228 

i ! 

V 

-24. 44 

0.1247 

\ 

J 

E 

2.48 

0.0027 


H 

-0. 83 

0.0220 


V 

-10.09 

0.0588 


E 

4. 38 

-0.0003 

34N 

H 

15.26 

-0.0466 


V 

34.72 

-0.1335 


E 

3.96 

0.0033 

61 N 

H 

35.03 

-0.1215 


V 

32.87 

-0.1022 


E 

4. 51 

0,0064 

6lR 

H 

27. 86 

-0.0924 


V 

36. 46 

-0.1201 


E 

5. 82 

0.0032 

61 E 

H 

16,39 

-0.0366 


V 

30.88 ; 

-0.0932 
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Table 2-8 
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Table 2-10 

SINGLE VARIABLE CORRELATION FOR {TV-TH)< 21 


Day 

(Mnemonic) 

Snow Range 

N 

41N 

1.11 

3.77 

5 

41 D 

0.79 

2.57 

10 

6D 

3.00 

6.70 

10 

8D 

3.10 

5.40 

14 

34N 

2.90 

8.00 

16 

61 N 

2.90 

11.60 

13 

61R 

4.90 

8.70 

11 

61E 

5.30 

11. 50 

31 


95% Confidence 



100* r 2 

°y 

A 

CT y 

12.3 

2.3 

1 

1.05 

1.05 

2.5 

0.63 

0. 60 

12.8 

0. 60 

0.60 

36. 6 

1.05 

1.25 

24.3 

1.15 

1.25 

13,4 

0.62 

0.64 

26.0 

0. 57 

0.64 

30.6 

1.29 

1.49 

67.9 

0. 88 

1.49 

35.1 

1.81 

2.15 

35.3 

1.81 

2.15 

51, 0 

.98 

1.33 

50.4 

.99 

1.33 

16.1 

1.40 

1.51 

20. 8 

1.36 

1.51 


!. ; 
















Table 2-11 summarizes the polarization difference (delta) statis- 
tics for the difference between the vertical and the horizontal brightness 
temperatures. This information was also given in Table 2-5. The mean, 
standard deviation, minimum and maximum polarization difference values 
are given. Figure 2-7 shows the polarization distribution as percent fre- 
quency, for 6D, 8D, 34N, 61N, 41N and 41D. Examination of mean values 
shows quite a difference, with 41N and 41D being the highest, 6 IN in the 
middle, 6D and 8D being the lowest and 34N between 6 IN and 8D. Except 
for a very low value for 6D, all the standard deviations are approximately 
the same. The difference between the means was tested using a n t n test 
and the three combinations (8D, 61N),{8D, 41D) and (61N, 41D) showed a 
significant difference between the means at the 99 percent level. However, 
the test is really not valid because all the distributions are skewed and not 
normally distributed. Because the distribution sets (6D, 8D), (34N, 6 IN), 

(4 IN, 4 ID) are obviously different, the exact tests using the nonparaxnetric 
Kolmogorov-Smirnov two sample test was not performed. 

The low polarization for 8D is expected because of scattered pre- 
cipitation in the area near the time of the ESMR observations. The low 
polarization of 6D could be due to a terrain problem, where low polarizations 
were sometimes observed in mountain regions of Europe under clear condi- 
tions. The relatively high polarizations for 41N and 41D could be due to a 
combination of free moisture in the snow, a thin layer of snow, and/or bare 
ground. 

2. 4 MULTIPLE CORRELATION AND REGRESSION ANALYSIS 

This section presents results for a multiple linear correlation 

and regression analysis. Included in this section are results for the linear 

relationship of the elevation of the snow course location to other variables; 

multiple correlations of snow water equivalent with all combinations of the 

horizontal brightness temperature, vertical brightness temperature, and 

elevation; the best combination of independent variables for predicting snow 

2 

water equivalent in terms of variance explained, 100*r , finally, multiple 

correlation results are given for the best prediction combination for the 

SSSSS*: 


11 

fl Table 2 -XI 


POLARIZATION DIFFERENCE STATISTICS 

Day 

(Mnemoniq) Mean St. Dev. Minimum Maximum 

41 N 30.45 8.06 11.0 49.0 

41 D 26.92 6.84 13.0 41.0 

6D 11.50 3.87 4.0 16.0 

8D 12.69 7.14 1.0 25.0 

34N 14.74 8.46 0.0 30.0 

6lN 20. 70 7.30 8.0 35.0 

61 R 20.56 7.97 8.0 35.0 

61E 22.04 8.46 1.0 37.0 
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Figure 2-7. Distribution of Polarization Difference as % Frequency 
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horizontal brightness temperature and vertical brightness temperature as 
the dependent variable. The regression coefficients and residuals for the 
regression of snow water equivalent with the best combination of prediction 
variables are given, as com- :.r output, in Appendix E. 

The multiple regi . sion model is of the form 


y 


+ ^1 X 1 + ^2 x 2 + * * * + ^p X p + e * 


Except for the correlations with elevation as the independent variable, the 
following information will v e given: the data set mnemonic, the independent 
variables, the multiple linear correlation coefficient denoted as the jr|, 
the significance (NS = not significant, ^ = significant at the 95 per- 
cent level, *** = significant at the 99 percent level), the percent variance 
2 

explained (100#r ) , the standard error of estimate (crA) , and the standard 
deviation of the dependent variable ((Ty) • Results are given for the data 
sets of 41N, 41D, 6D, 8D, 34N, 61N, and 61R. A multiple regression 
analysis was not performed for 6 IE because data for the associated varia- 


bles were too difficult to obtain. In the case of the best prediction set of 
independent variables, the set was based on the highest lOO^r value. 
However if a combination was within 1 percent with a lesser number of 
independent variables, the set with the smaller number was used. In some 
cases, previously tabulated information is presented to facilitate ease of 
comparison. Potential variables used are snow water equivalent, horizon- 
tal brightness temperature, vertical brightness temperature, elevation, 
average precipitation on days -1 and -2, maximum temperature (day -1 for 
night orbit and day 0 for day orbits), and minimum temperature (day 0 for 
night orbits and day -1 for day orbits). Precipitation was not used for 41N 
or 41D because no precipitation occurred in the preceding two days. Analy- 
sis using precipitation, maximum temperature, or minimum temperature 
as variables was not performed for 6 D or 8D because of the small sample 
size and anticipated lack of relationships. 


Table 2-12 gives the single variable linear correlations with 
elevation as the independent variable and snow water equivalent, the hori- 
zontal brightness temperature, the vertical brightness temperature, the 


Table 2-12 

SINGLE VARIABLE CORRELATION USING ELEVATION 


Day 

(Mnemonic) 

Dep. 

Variable 

r 

Sig. 

10Q#r 2 

°y 

<b 

41N 

Snow 

0.31 


9.3 

0.74 



Hor. 

0.04 

NS 

0.2 

11.0 



Vert. 

-0.06 

NS 

0.4 

8.4 



Max. T. 

-0.28 

$$ 

7.9 

2.9 



Min. T. 

0.18 

NS 

3.3 

5.6 

5.7 

41D 

Snow 

0.27 

NS 

7.2 

0.72 

0.74 


Hor. 

0.24 

NS 

5.7 

8. 5 

8.6 


Vert. 

0.30 


9.0 

9.6 

9.9 


Max. T. 

-0.17 

NS 

2.9 

7.4 

7.4 


Min. T. 

0.04 

NS 

0.2 

5.2 


6D 

Snow 

0.9C 

### 

81.0 

0.58 



Hor. 

0. 53 

NS 

27.6 

5.6 

6.1 


Vert. 

0.46 

NS 

20.7 

4. 6 

4.9 

8D 

Snow 

-0.12 

NS 

1.5 

0.62 

0.63 


Hor. 

-0.25 

NS 

6. 4 

8.1 

8.1 


Vert. 

-0.41 

NS 

17.2 

4.6 

4. 8 

34N 

Snow 

0.49 


23.6 

1.42 

1.59 


Hor. 

-0.20 

NS 

4.2 

10.9 

10.9 


Vert. 

-0.14 

NS 

2.0 

7.7 

7.8 


Max. T. 

-0.42 


17.5 

4.9 

5.2 


Min. T. 

-0.35 

NS 

12.4 

3.8 

3.9 

61N 

Snow 

0.79 

### 

62.5 

1.73 

2.75 


Hor. 

-0.36 

NS 

13.1 

8.6 

9.0 


Vert. 

-0. 30 

NS 

8.9 

8.5 



Max. T, 

-0.34 

NS 

13.1 

6.0 



Min. T. 

-0.36 

NS 

11.8 

5.6 


61R 

Snow 

0.50 

ijnjt 

25.0 

1.34 



Hor. 

-0. 50 


24.7 

8.9 



Vert. 

-0.52 

## 

27.5 

8.3 

9.4 


Max. T. 

-0.45 

NS 

19.9 

5.9 

6.1 


Min. T. 

-0.35 

NS 

12.2 

7.6 

8.8 
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maximum temperature, or the minimum temperature as the dependent 
variable. For all data sets except 41D and 8D snow water equivalent had a 
significant correlation with elevation. Except for 61R, no correlation was 
found between elevation and the horizontal brightness temperature. Except 
for 41D and 61R, no correlation was found between elevation and the vertical 
brightness temperature. 

Table 2-13 gives the Site 1 multiple correlation coefficients for 
snow water equivalent as the dependent variable with all possible combina- 
tions of horizontal brightness temperature, vertical brightness temperature, 
and elevation of the snow course measurement location as the independent 
variables. Table 2-14 gives the same information for Site 2. 

Table 2-15 presents the multiple correlation coefficients for the 
best combination of independent variables for predicting the snow water 
equivalent. The multiple correlations for 4 IN and 8D were not significant. 
The 4 ID value still reflects the correlation of the vertical and elevation with 
snow water equivalent. Two values are given for 61R. The second set is 
for predictions without precipitation; while temperatures are usually relia- 
ble and regularly reported, precipitation can be quite localized and infor- 
mation hard to obtain. 

Table 2-16 gives the best prediction of the horizontal or vertical 
brightness temperature as the dependent variable using combinations of 
snow water equivalent, elevation, maximum temperature, and minimum 
temperature as the independent variables. The results here are not rele- 
vant to this study but might be of interest. Generally the ESMR tempera- 
tures should be the dependent variable with the standard regression model 
error assumptions. As can be seen, a large amount of variation is left 
unexplained in most cases. 

2. 5 SINGLE ORBIT ANALYSIS 

This section will discuss each of the data sets analysed on an 
individual basis. Generally, the discussion will be in terms of linear 
correlation, meteorological data and any other factors which might have an 
influence on the interpretation of the analysis results. The correlation 
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Table 2-13 

SITE 1 MULTIPLE CORRELATION COEFFICIENTS 
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Table 2-14 

SITE 2 MULTIPLE CORRELATION COEFFICIENTS 


Independent 

Variables 


Hor. 

Vert. 

Elev. 

M 

Sig. 

100*r 

X 



0.61 

NS 

36.6 


X 


0.49 

NS 

24.3 

X 

X 


0.61 

NS 

36.8 



X 

0.90 


81.0 

X 


X 

0.91 


83.4 


X 

X 

0.90 


81.9 

X 

X 

X 

0.91 

*** 

83.5 

X 



0.29 

. NS 

8.3 


X 


0.46 i 

NS 

21.3 

X 

X 


0.47 

NS 

21.8 



X 

0.12 

NS 

1.5 

X 


X 

0.29 

NS 

8.6 


X 

X 

0.47 

NS 

21.9 

X 

X 

X 

0.47 

NS 

22.5 

X 



0.32 

NS 

10.1 


X 


0.64 

** ti r*t* 

41.3 

X 

X 


0.65 

o. 

42.6 



X 

0.49 

£& 

23.6 
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28.6 
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X 
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results are given in Sections 2. 3 and 2, 4. ESMR data plots are given in 
Appendix C, Snow data plots are given in Appendix D, and meteorological 
data are given in Appendix F$. All temperatures are in degrees Fahrenheit? 

For Site 1, the data set 4 IN showed no significant correlation 
between snow water equivalent and ESMR brightness temperatures. The 
data set 4 ID had no significant correlation between snow water equivalent 
and the horizontal brightness temperature, while a significant positive cor- 
relation of 0. 28 was found with the vertical brightness temperature. In the 
Site 1 area, for the five days preceding February 10, 1976, no precipitation 
was observed. On the 10th, light precipitation from a trace to 0. 16 inches 
was observed. The time of day of the precipitation is now known, but look- 
ing at precipitation on the 11th, hours of bright sunshine on the 9th, 10th 
and 11th and ESMR values suggest that the precipitation occurred after the 
daytime ESMR observation. On the 10th, the maximum temperature ranged, 
over the selected stations, from 4° to 28° and the minimum from -12° to 
6°. However, in the three days preceding the 10th, all stations had a maxi- 
mum temperature above freezing, and on the 9th, maximum temperatures 
ranged from 39°to 45° with minimums ranging from 20° to 36°. Generally, 
snow water equivalent. ranged from 0. 70 to 2. 60 inches. The maximum 
snow value of 4. 52 inches was found on the north side of the Turtle Moun- 
tains. The other local maximum of 3. 80 inches was found on the east side 
of the Riding Mountains, while a local minimum of 0. 79 inches was found 
within 0. 1° in latitude and longitude of the maximum. The 3. 80 inch value 
was at an elevation of 2300 feet and the 0, 70 inch value at an elevation of 
988 feet. This illustrates a problem of using point source snow values with 
an integrated ESMR value. 

Figures 2-8 and 2-9 show a plot of the ESMR data for data sets 
4 IN and 41D in the vicinity of Lake Winnipeg and Lake Manitoba. The 
lakes are shown with a solid line. Areas with vertical brightness tempera- 
tures greater than or equal to 235° are shown with a dashed line and slight 

^ Snow fall is generally converted to inches of water at the local station by 
dividing the depth by 10. 
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shading. For both 4IN and 41D, concentrating on thewest side of the north 
part of Lake Winnipeg, a rapid increase in both horizontal and vertical tem- 
perature can be observed as the boundary of the lake is reached. Generally, 
the increase is larger for the vertical brightness temperature and the polari- 
zation differences show an increase over the polarization differences to the 
west of Lake Winnipeg. Maximum vertical brightness temperatures of 258° 

(4 IN) and 255° (4 ID) were found in the northern part of Lake Winnipeg. 

Other areas with the vertical brightness temperature greater than or equal 
to 235° are found in the northern part of Lake Winnipegosis for both 4lN 
and 4 ID, at one point in the Porcupine Hills for 4 IN, the southeast side of 
Lake Winnipeg for 4 IN, and the southeastern tips of Lake Manitoba and 
Lake Winnipeg for 4 ID. 

Data in Reference 17 shows that historically lakes in the Site 1 
area are completely frozen by late November and are not free of ice until 
early May. Ice thickness values could no t be found for Lake Winnipeg or Lake 
Manitoba, However, historic mean ice thickness for the Lake of the Woods, 
southeast of Lake Winnipeg, is 32 inches and for the Red River near the 
City of Winnipeg is 29 inches. All lakes in the Site 1 area are quite shallow. 
The vertical brightness temperature in conjunction with the horizontal 
indicates the possibility of observing ice with some free moisture on the 
surface for the northern portion of Lake Winnipeg. Also of interest are 
the ESMR values for 41N at Dauphin Lake where the horizontal and vertical 
brightness temperatures (197°, 230°) increased with respect to surrounding 
values, indicating the possibility that the ESMR footprint exactly covered 
the frozen lake. 

Generally, no pronounced temperature increase was observed 
over most of Lake Manitoba which could be due in part to the width of the 
lake with respect to ESMR footprint size. Large vertical temperatures to 
the east and southeast of Lake Winnipeg could be due to the presence of 
numerous small lakes and one large lake to the southeast, the Lake of the 
Woods. However, for 41N, the large vertical temperatures south of the 
City of Winnipeg are hard to explain, except perhaps on the basis of bare 
ground or outcropping of rock. 
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For Site 2, 6D, no Significant correlations between snow water 
equivalent and ESMR temperatures were found. No precipitation was 
observed by the selected stations on January 6, 1976. Maximum tempera- 
tures in the five preceding days were below freezing. On the 6th, maxi- 
mum temperatures ranged from 8° to 19° and minimum temperatures from 
-1° to 12°, and Fredericton, N.B* had 6*9 hours of bright sunshine. Fac- 
tors possibly influencing this data set, with very low polarizations, are 
the observation time (day), the density of trees, and the local terrain. The 
elevations in the area of the ESMR observations range from below 1000 feet 
to around 2300 feet with some small lakes. 

For Site 2, 8D, no significant correlations between snow equiva- 
lent water and ESMR temperatures were found. Precipitation of 0. 0 to 
0* 37 inches was observed on the observation day of January 8, 1976. Precipi- 
tation of a trace to 0. 34 inches was observed on the 7th. Hourly precipitation 
data from the Maine stations {Reference 12) showed that on the 8th precipi- 
tation was reported at local times of 0800, 0900, 1300 and 1200 for Caribou 
(46. 87°N, 68* 02°W), Houlfcon (46. 13°N, 67. 83°W), Grand Lake Stream 
(45. 18°N, 67. 76°W), and Eastport (44. 92°N, 67. 00°W). Maine is on 
Eastern Standard Time. For the only Site 2 station available, Fredericton, 
N. B. , hours of bright sunshine were 0, 1 and 0. 0 on the 7th and 8th, 
respectively. Maximum temperatures on the 8th ranged from 8° to 29°, 
and minimum temperatures ranged from -11° to 16°. 

For 34N, Site 2, the vertical brightness temperature with snow 
water equivalent showed a significant negative correlation of -0. 64 and 
variance explained of 41. 3 percent. The correlation using the horizontal 
brightness temperature was -0. 32 and not significant at the 95 percent level. 
For the day cf the observation, February 3, 1976, three of the seven sta- 
tions reported a trace of precipitation. Heavy precipitation was reported 
on February 1st and 2nd ranging from 0. GI-1. 37 inches on the first to 0. 37- 
1. 89 inches on the second. A trace to 0.22 inches was reported on the 3rd. 
The hourly precipitation data from the Maine Stations (Ref 13) of Caribou, 
Houlton, Grand Lake Stream and Eastport showed the last precipitation on 
the 2nd was at 1400, 1500, 2100, 1700 Eastern Standard Time with no 
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precipitation reported for the 3rd* From the ESMR data and the last 
reported time of precipitation, the area for 34N would appear to clear at the 
time of the observation. The hours of bright sunshine on the 3rd were 6. 7. 
Maximum temperatures on February 3, 1976 ranged from 14° to 24° and 
minimum temperatures ranged from -8° to 2°. Maximum temperatures on 
the first and second were above freezing, 34°-55° on the first and 49°-56° 
on the second. Minimum temperatures on the first and second were at 
least 15° below freezing. 

As 61R and 6 IE use the same basic data as 6 IN, the three data 
sets will be discussed together. Correlations of snow water equivalent and 
the horizontal and vertical brightness temperatures were -0.40 and -0. 32 
(not significant) for 6 IN, -0. 61 and -0. 75 (significant at the 99 percent level) 
for 61R and -0. 24 and -0. 53 (significant at the 95 and 99 percent levels, 
respectively) for 6 IE. For 61N, 17 percent of the 23 observations were 
associated with snow water equivalent greater than 10. 2 inches. The data 
set 61R is the same data as 6 IN with one low value and four high snow other 
values removed. The data set 6 IE uses all available ESMR data with snow 
values obtained from a snow contour map. 

For the observation day of March 1, 1976, only Fredericton, 

N. B. reported a trace of precipitation; the maximum temperatures of 
selected stations ranged from 20° to 36°, with minimum temperatures 
ranging from -4° to 18°. Precipitation was reported on February 29, 1976 
with amounts ranging from 0. 10 to 0. 38 inches with maximum temperatures 
ranging from 22° to 37°. None of the Maine stations reported precipitation 
on the first (Ref 14). Caribou and Houlton, Maine reported their last pre- 
cipitation at 2200 and 1500 Eastern Standard Time. Figures 2-10 and 2-11 
give a detailed meteorological summary for Fredericton, N. B. at 0000 
GMT and 0600 GMT on March 1, 1976. This data was provided by Mr. P, 
Hansen and Mr. D, Murray of the Water Resources Branch, Environment 
New Brunswick. The ESMR observation was at about 0500 GIvlT. The data 
indicates that the area was in the process of clearing after the weak front on 
February 29, 1976. As Fredericton is in the southern part of the area of 
interest, the six-hour hemisphere surface charts were examined to 


LOCATION : 


Fredericton, New Brunswick 


01 March 1976 


DATE: 


DATA TITLE TIME : 00 00 GMT 

Sky Condition: Measured 4 hundred overcast 

Visibility: 10 _____ 

Weather obstruction to Division: night 

Sea Level Pressure (mb) : 1006. 8 

Dry Bulb Temperature - C°: 2 

Dew Point Temperature - C°: 0 

Wind Direction - degrees: 206 

Wind Speed - knots: in 

Wind Gusts - knots: MIL 

Altimeter Setting - inches: 29.73 

Clouds and/or Observing 

Phenonema - tenths: Stratus Fractus 10 

Remarks: = mtt. ' ~ 

Reduction to Sea Level: 2ft 

Tendency - pressure character: Falling, Sailing less rapidly, lower than thre e hours ago. 
Tendency - amount MB: 34 

Station Pressure MR: ioo4.o 

Corrected Dry Bulb - F°: 35.3 

Corrected Dew Point - F°: 32. 1 _______________ 

Relative Humidity - %: s9 _ 

Corrected Maximum Temperature - 

6 Hour - F°: 35.4 

Corrected Minimum Temperature - 
6 Hour - F° : 25.1 

Rainfall - 6 Hour - Tenths of 

Inches: * Trace ~ * 

Snowfall - 6 Hour - Tenths of 
Inches : 2.4 

Snowfall - water equivalent - 
Tenths of Inches: .24 

Total Precipitation - Tenths 
of Inches: .24 

Snow Depth - whole inches: 12 


Figure 2 -10. 


Meteorological Summary for 
New Brunswick at 0000 GMT 
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LOCATION: 


Fredericton, New Brunswick 
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01 March 19?6 
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DATA TITLE TIME: 0600 GMT 

Sky Condition : Measured 2 thousand broken ______________ 

Visibility: 10 • ' ___ 

Weather obstruction to Division: mtt. 

Sea Level Pressure <mb) : 1010.5 ___ _____ 

Dry Bulb Temperature - C°: 2 

Dew Point Temperature - C°: "1 

Wind Direction - degrees: 274 

Wind Speed - knots: lo 

Wind Gusts - knots t N: IL 

Altimeter Setting - inches: 29 . 84 ___ 

Clouds and/cr Observing 

Phenonema - tenths: stratocirnmliis . 3 

Remarks : NIL 

Reduction to Sea Level: 2.7 . 

Tendency - pressure character: falling/ rising, higher than 3 hours ago. 

Tendency - amount MB: 3.6 

Station Pressure PB; 1007.8 

Corrected Dry Bulb - F°; 36.0 

Corrected Dew Point - F 0 : 30.8 

Relative Humidity - %: 32 

Corrected Maximum Temperature - 

6 Hour - ,F°: 3?«Q 

Corrected Minimum Temperature - 
6 Hour - F° : 34.3 

Rainfall - 6 Hour - Tenths of 
Inches : Trace 

Snowfall - 6 Hour - Tenths of 

Inches: -NIL 

Snowfall - water equivalent - 

Tenths of Inches: . nil ___ ______ 

Total Precipitation - Tenths 
of Inches : Trace 

Snow Depth - whole inches: 12 


Figure 2-11. Meteorological Summary for Fredericton, 
New Brunswick at 0600 GMT 


determine the movement direction of the front. Indications are that the sky 
in the area to the north and northwest of Fredericton would have been 
less cloudy than the sky at Fredericton. 


Section 3 


SUMMARY AND CONCLUSIONS 


Based on the data sets analyzed in this study, the following con- 
clusions are drawn: 

• A significant statistical relationship can be demonstrated between 
snow water equivalent and ESMR brightness temperature. This relationship 
is evidenced by significant negative sample correlation coefficients using 
the measured data. At 37 GHz the relationship is valid for a bounded range 
of snow water equivalent values. The upper limit of the value range is 
around 8 to 10 inches, while the lower limit may be around 2 inches. 

• For all cases studied which showed significant linear correlations, 
the vertical brightness temperature had better correlation and less standard 
error of estimate than the corresponding horizontal brightness temperature. 
This result was shown in Table 2-6. 

• When a linear regression model was used, snow water equivalent 
values which exceeded the valid upper limit bound for 37 GHz were under- 
estimated. (See 6lN plots in Appendix B, B-21 and B-22 and residuals in 
Appendix E, Table E-6. ) 

• The use of a multivariate regression model which includes hori- 
zontal and vertical brightness temperatures and snow elevation can improve 
snow water equivalent estimates in the valid range and reduce prediction 
errors for values outside the valid range. Comparing the residuals shown 
in Figures E- 16 A and B with those in E-6 illustrates this point. 

• Including information on the distribution of polarization difference 
and data screening based on polarization differences could be helpful in 
selecting valid ESMR data to be used for snow water equivalent estimation. 


The determination of a relationship between snow water equivalent 
and ESMR brightness temperatures is influenced by several factors which 
include random errors in the ESMR temperature measurements, the spatial 
rate of change of the snow water equivalent point source measurements 
relative to the ESMR footprint size, the condition of the snow and free 
moisture content, local weather conditions, vegetation, topography, and 
for relatively shallow snow any heteorogeneity of the surface material. 

Any combination of these factors can affect the measurement .of a valid 
correlation between snow water equivalent and ESMR brightness temper- 
atures and perturb the relationship that would be expected for a uniform 
snowpack measured under ideal and error free conditions. £n spite of 
potential complications, a statistically significant relationship was found 
between ESMR- 6 measurements and enow water equivalents for data sets 
in two separate months. 

For Site 2 (New Brunswick), a significant linear correlation of 
-0. 64 was found between the snow water equivalent and vertical brightness 
temperature for the night observation on February 3, 1976 (34N). The 
range of snow water equivalent values for 34N was 2. 9 to 8. 8 inches. 

The night observation on March 1, 1976 {6 IN) had non- significant negative 
correlations of -0. 40 and -0. 32 for the horizontal and vertical with snow 
water equivalent values ranging from 2.9 to 14. 3 inches. However, after 
five probable outliers were eliminated from 6 IN to produce 6 1 R, the snow 
water equivalent values were in the range of 4. 9 to 10. 2 inches and signif- 
icant linear correlations of -0. 61 and -0* 75 were found for the horizontal 
and vertical. For the Site 2 data sets of the day observations (January 6, 1976 
(6D) and January 8, 1976 (8D)}, no significant correlations were found, A 
complete discussion of each data set with associated factors such as weather, 
terrain, etc. is given in Section 2. 5. Weather, snow condition, vegetation, 
and topography have a direct bearing on the validity of the correlation 
results as summarized below. 
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Figures G-l through G-3 of Appendix G show the locations of snow 
observation data for 6D, 34N, and 61R relative to land use. The agri- 
cultural land is enclosed by the dashed lines and shaded. The land use 
information for New Brunswick and Maine was obtained from Reference 26. 

In Reference 27, it is stated that along the St. John River and the Tobique 
River the prime land use is for agriculture. In general, for New Brunswick 
(Reference 28), most of the trees near. major rivers are deciduous, while 
the coniferous trees, which would obscure the ground, are found away from 
the river bottoms and at the higher elevations. Figure G-4 shows the 
physiographic regions and the topography of New Brunswick. 

For 34N, the area appeared to be free from clouds at the time 
of the ESMR observation. Snow had fallen in the two days preceding the 
day of the ESMR observation and temperature analysis indicates that the 
fresh snow would not have been altered. From Figure G-2, almost all of the 
snow observations and associated ESMR footprints are within agricultural 
land, with most being close to major rivers at low elevations. Thus, 
obscuration of the ground by trees is probably minimal. 


For 61R, the area was clearing after a weak front with light pre- 
cipitation on the preceding day. Figure D-10 gives the snow conditions as 
dry snow. Figure G-3 shows that almost all of the observations were 
associated with agricultural land near major rivers at low elevations. Tin s, 
obscuration of the ground by t rees is probably minimal and the dry snow 
assumption for measuring a good snow/ ESMR relationship appears to be valid. 

For 6D, using Figures G-l and G-4 and Table B-3, 5 out of the 
10 observations were located in probable forest land with elevation above 
1000 feet and in an area where terrain could be a problem. The lack of 
correlation can be attributed to a combination of factors including obscur- 
ation of the ground, terrain or effects from a daytime observation. For 
8D, the ESMR measurements were taken under conditions of light pre- 
cipitation which would tend to mask any snow/ ESMR relationship. 
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For Site 1 (Manitoba and Saskatchewan), the snow water equivalent 
values were in the ranges of 0. 7 to 4. 5 inches. However, the majority of 
values were in the range of 0. 7 to 2. 6 inches with two local maxima of 3. 8 
inches and 4. 5 inches being observed near the Riding Mountains and 
Turtle Mountain, respectively. ESMR observations from the night (41N) 
and day (41 D) orbits on February 10, 1976 were used for analysis. No 
significant correlations were found for 41 N, and a positive correlation of 
0,28 was found for snow water equivalent with the vertical brightness 
temperature for 41 D (Table 2-6). -although maximum ground temperatures 
on the 10th were below freezing, the area had temperatures well above 
freezing for the three days preceding the 10th. Analysis of the ESMR 
brightness temperatures over the northern part of Lake Winnipeg showed 
a well defined large increase in the vertical brightness temperature and a 
moderate increase in the horizontal brightness temperature over the lake 
as compared to the area surrounding the lake. This type behavior would 
be expected over an area of ice with some free water on the surface. 
Historically, the lakes in Manitoba are frozen from late November through 
April, However, the amount of the snow water equivalent at the time of 
the observation is not known. If snow were present, the underlying surface 
material could be exerting a f.„rong influence on the ESMR measurements. 

Field reports on snow conditions for several basins west of the 
ESMR data for 41N and 41 D are of interest. The closest is for the Souris 
River Basin which is approximately at 49. 0°-50. 0°N. and 102. 3°-103. 0° 
west (near Estevan on Figure D-3). The special survey information was 
taken on February 2 and February 3, 1976. The general comments of the 
observers were ’‘in general the entire basin has a complete snow cover 
except for some bare spots on fallow fields. Southern areas have 
experienced more melting. However, the snowpack still has the potential 
to produce runoff. On the average the snowpack consists of a thick ice 
crust covering a layer of loose crystalized snow. Soil conditions are 
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mainly saturated with an intermittent ice layer. " No precipitation occurred 
between the 3rd and the 10th of February. However, the warm weather 
on the 7r9th of February could have produced more melting and possible 
refreezing. 

In examining the lack of correlation for the Site 1 data, several 
factors should be considered: the relatively high polarisation difference of 
the observations, the condition of the snow, the inference of free moisture 
on ice over Lake Winnipeg, the heterogenious surface material, and the 
range of snow water equivalent values. The underlying surface material 
and the condition of the snow appear to be influencing the ESMR data for 
the relatively low values of snow water equivalents. Whether the surface 
material would influence the ESMR brightness temperatures as much for 
a dry snowpack is not known. The most likely reason for lack of correlation 
is the fact that due to random errors and heterogeneous surface material 
influencing brightness temperatures, that the anow/ESMR (37 GHz) relation- 
ship probably has an effective lower bound of about 2 inches for snow water 
equivalents. 

Regarding the upper limit for tne snow/ESMR relationship, the 
data previously shown in Figure 2-1 indicates that the snow water equivalenfc- 
ESMR brightness temperature relationship at 37 GHz tends to become weak 
for snow water equivalents greater than 8 inches. As discussed in Section 2, 
Pages 5-7, random errors in the ESMR measurements combined with the 
wedcer relationship would effectively produce an upper bound on measuring 
any snow/ESMR relationship. Analysis of various subsets of the March 1, 
1976 data for New Brunswick showed that for high snow water equivalents 
the correlation between snow water equivalent and brightness temperature 
was not significant and inclusion of high values degraded the otherwise 
significant correlation for moderate snow values. Generally, higher snow 
water equivalents had associated brightness temperatures which were 
warmer than expected. 
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For both sites, a significant linear correlation was found between 
the snow water equivalent values and the elevations of the snow course 
measurement locations {Table 2-12). For Site 2 data sets, using elevation 
along with ESMR brightness temperatures in a multiple regression model 
generally produced values for the multiple correlation coefficient and per- 
cent variance explained which were higher than their linear counterparts 
(Table 2-13). For Site 1 data sets, the multiple regression model produced 
little improvement over the linear model. 

Analysis of polarisation differences (TV-TH) showed a considerable 
and significant difference between mean values observed for Site 1 and Site 2 
data sets (Table 2-11), and also between the weather related aud non-weather 
related data sets for Site 2. In general, polarization differences were low 
for conditions of precipitation, moderate for data sets with good correlations 
for Site 2, and high for the Site 1 data sets. 

An analysis was also performed using data screening based on the 
polarisation difference in which only observations with a difference of less 
than 21°K. were allowed for linear analysis. In general, linear correlations 
were improved by this data screening technique (Table 2-10). The optimal 
screening values would have to be established for different geographic loca- 
tions. 

Throughout cUs report, the adequacy of the linear and multiple 
regression models was purposely never discussed. Instead, such quali- 
tative measures of fit as the percent variance explained and the standard 
error of estimate were given for all results. For any model based on 
uncontrolled experimental data, a perfect fit would be impossible to obtain 
and the ultimate user is left with the decision as to what is adequate in terms 
of the consequences of using estimates which are in error. The analysis 
indicates that the estimated snow water equivalent- ESMR brightness 
temperature relationship is probably valid over a range of snow water 
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equivalent values, where the range depends on the particular snow site. 

Using a model based on a specific range of snow water equivalent values 
to predict values in an area with snow water equivalent .values outside the 
model range could produce large errors. The residuals from all the 
estimated linear regression models, as % frequency, are given in Tables 
2-8 and 2-9 for Site 1 and Site 2 data sets. Point by point residuals values 
for selected linear and multiple regression estimates are given in Appendix E. 

Confidence intervals for the estimated linear regression lines were 
not included in this report. Because both the independent variable (ESMR 
temperature) and the dependent variable (snow water equivalent) are in 
error, the meaning of the confidence intervals would be questionable under 
the usual statistical assumptions. The necessary data for calculating the 
confidence intervals have been included in the tables of Section 2. 3. The 
equations for calculating confidence limits for estimated linear regression 
models are given in Appendix A and a complete discussion is given in 
Reference 20. 
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Appendix A 

CORRELATION AND REGRESSION 


This appendix presents the relevant equations £or correlation and 
regression which were used for analysis in this report. A more complete 
treatment of the subject is given in References 20-23. The term linear will 
refer to one independent variable (y = f{x}), and the term multiple will refer 
to two or more independent variables (y « f (x^, ... x )). Although the 

equations for correlation and regression are closely related, the underlying 
assumption are quite different. In correlation the assumption is made that 
variables have an underlying bivariate, or* for more than two variables, a 
multivariate normal distribution. In regression, the major interest is in the 
functional relationship between, the dependent variable y and one or more 
independent variables. 

For this analysis let y be the snow value in inches of water and 
x denote either the horizontal brightness temperature, or the vertical bright- 
ness temperature. The bivariate normal probability density function is com- 

2 2 

pletely described by p , u x » tr x * oy and P , which are the means of x 
and y , the variances of x and y , and their correlation. Estimates of these 
statistics for a sample of N are given by: 

i N 

x = N 2 X i ’ 
i-1 

7 = w 

°x " yj pPT E ( V x > 

& y = yjfpr E (Vi-y^ 


A-l 





Then denoting and r ^ as the 95 percent confidence interval about r , 


Tj = (exp (2Zj) - 1) / (exp (2Zj > + 1) 


r 2 = (exp (2Z 2 ) - 1) / (exp (2Z 2 ) + 1) 


The linear regression model is of the form 

y “ £ 0 + x + e » 

where for testing purposes e is the error in y and is normally distributed 
with mean zero and variance cr^. The least squared estimates of J3 q and 
are given by 


8 = -S- = 

a2 


* r , 


fi Q = Y - x . 

Denoting y^ as the predicted value of y. given J3 q , and x. 
the scatter of the observed points about the regression line is given by the 
standard error of estimate, » given by the positive square root of 


E<n - 9 / 

N - 2 


_ N - 1 , /\2 
N - 2 ' °y 


&2 a2 
*1 °x> 


N - 1 a2 ,, 2 X 

vnrr °v (1 " r > * 


The precision attached to a regression line can be evaluated using 
the square of the correlation coefficient r^ . Starting with the identity 


y- - y. 
7 r 7 i 


= y . - y - (y £ - y) , 


A -3 




it can be shown that 


0 


Efri-y) = E^i - n' 2 + E(9i - v) • 


In words, using SS to denote sum of squares, the SS about the mean equals 
the SS about regression plus the SS due to regression. Then, it can be 
shown that 


£(y. - y ) 2 - £(y. - £($. - y) 


2 „ 


- yT^ 


-v 2 


E(y £ - y ) 


where 
The value of 


r is a measure of the variation in y explained by the regression. 

2 2 
r ranges from 0 to 1, where r & is sometimes called the co- 

2 

efficient of multiple determination. Also, the value of 100.0 * r is the percent 
variance of fiy. explained by the regression. 

As with r , the slope can be tested for significance against 
some value B. Let 


a 


cr* = 


73 






Then the statistic 


T = 


h 


- B 




has a "student t" distribution with N - 2 degrees of freedom. Using the 
relationship between and r , and between q-a and r , it can be 
shown that this is exactly the same test as for correlation. In fact the "t" 
test for the linear correlation (regression) is a special case of the multiple 
correlation (regression) test of the form 


F = r 2 /k 

c (1 - r 2 ) / (N - k - 1) 
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where k is the number of independent variables. F c follows an "F" distri- 
bution with Vj = k and = N - k - 1 degrees of freedom. The r, t" distribu- 
tion and "F" distribution are related, for v = l only, as 

t 2 (v 2 , 1 - a/Z) == F(l, v 2 , 1 -a). 

The multiple regression model is of the form 

y = b o + b l x 1 * b 2 x 2 + • • • hk *k + e • 

Let the observations be in matrix form 



Then the model in matrix form is 
Y = X/3 -f-e . 

A 

The least squares solution for the vector ft , denoting the superscripts T as 
the transpose of a matrix and -1 as the inverse, is given by 

a *t _i t 

/? = (X x X) A X x Y . 

Aa with the case of one independent variable, the population multiple 

correlation coefficient squared is defined as the fraction of the total variance 

of y that is accounted for by its regression on the variable x^, x^, , . . , x^ . 

r 2 , the sample multiple correlation coefficient squared can be computed as 
2 

with the linear r as 
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r 2 = S <Yj - yf M ( jVv - Hy 2 ) 

Sfoi -7) 2 (Y T Y-Ny 2 ) 

The multiple correlation coefficient, r, is taken as the positive square root 

2 1 . — 
of r and varies from 0 to 1. 

f 

The standard error of estimate is given by 

° V Sf ' - T T- 1 S(y i ' ^ )2 * 

As mentioned previously, the 7nnltiple correlation coefficient can be tested at 
a significance level, a , using the ,T F H distribution and the statistic 

f = r 2 /k 

(1 - r 2 ) / (N- k - 1) 

If f > F(k, N-k - 1, 1 -*q), we reject the hypothesis r = 0 . For testing 
many different values of r , it is easier to find F(k, N-k-1, 1 - a) and 
solve for r c , such that with an observed value of r > r we would reject the 
hypothesis r = 0. Denoting - k and v ^ = N-k - 1, let F c =F(vj,^*^ *•«)» 
then 

. , / 

r c - V F c + v 2 ■ 

Table A-l gives the r^ values relevant to this study. The upper value of each 
entry is for the 95% confidence level and the lower the 99% confidence level . An 
example of the table use is as follows. For three independent variables and N = 23 
we observe r = 0.78. = 3 and = 23 - 3 - 1 - 19. Entering the table with 

Vj = 3 and =19, r c for 95% is 0. 575 and for 99% is 0, 665. If & =0.1, we 
would reject the hypothesis r = 0 at the 99% level. 
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Table A-l (Continued) 



Two different but related confidence intervals can be constructed 
for an estimated linear regression. One is for the mean regression line and 
the other is a confidence interval for a new observation of the dependent variable 
y . The assumption for confidence intervals is that all the error is associated 
with y and that the independent variable x is error free* Denoting the mean 
of x as x , N as the number of samples, t ( v, 1 - «/2) as the value of 
the student "t" distribution for v = N - 2 degrees of freedom, as the 
standard error of estimate, cr^ as the estimated variance of x , x^, as 

the value of the x for the confidence interval, and y^ as the dependent 
variable on the regression line# the 100 • (l-<x)% confidence interval for the 
mean regression line is given by 






Eh - *) 2 
<N - 1)6* 


1/2 


I 


and the 100 * ( 1 - a)% confidence interval for a new y observation is 
given by 


y k ittv, 1 - -£-) ■ o-q • 


-, 1/2 


1 + 


te ~ x) ‘ 


N 


<N - I) ¥ 








Appendix B 

BASIC DATA ANr PLOTS 


In this appendix, computer listings are given for the basic data 
used in the analysis. Calcomp plots are given for snow water equivalent 
versus the horizontal brightness temperature, the vertical brightness tem- 
perature, the polarization difference (vertical minus horizontal) and the ele- 
vation of the snow course measurement location for each analysis data set. 

As throughout the report, the data set mnemonic of Julian day with an N 
or a D has been used. For example, 34N is the night observation on Feb- 
ruary 3, 1976. For all plots, the snow water equivalent has been plotted on 
the abscissa contrary to custom. This was done to keep a uniform scale 
for the snow water equivalent; the ordinate axis on a Calcomp plot is limited 
to 10 inches. To avoid confusion, the Site 1 data and data for 6D and 8D have 
a scale of 0. 5 inch of snow water equivalent per 20 lines on the plots, while 
the remaining Site 2 data have one inch of snow equivalent water per 20 lines 
on the plot. For elevation, the value on the ordinate should be multiplied by 
10 to obtain the correct value. Except for polarization difference, the com- 
puted linear regression line has been included on each plot. 

Tables B-l through B-8 give the basic data for analysis data sets 
41N, 41D, 6D, 8D, 34N, 61N, 6lR and 61E. Figures B-l through B-28 show 
the plots for 41N, 41D, 6D, 8D, 34N, 6lN and 61R in the sequence of snow 
water equivalent versus the horizontal brightness temperature, the vertical 
brightness temperature, their polarization difference, and elevation. Plots 
of snow water equivalent versus horizontal, vertical, and polarization dif- 
ference are given in Figures B-29 through B-31. 
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Table B-l 

BASIC DATA FOR 41 N 
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S'TE 1 

— DAY 41 

(FEBRUARY 

10. 1976 J 

— night 

085. 

(0647 I 

GHD 









PREC X 

too 

HAX T 

MIN T 





ESHR 

SNOW 

OAY 


OAY 

OAY 

NO, 

ELEV 

UT 

LONG 

TH 

TV 

H20 

-1 

-2 

0 

-1 

0 

-1 

1 

960 

51.37 

100.02 

185 

212 

0.70 

0 

0 

10 

45 

-8 

25 

2 

1670 

50.27 

99. B3 

192 

221 

0.77 

0 

0 

5 

38 

5 

22 

3 

90S 

50.73 

99.50 

199 

225 

0.79 

0 

0 

7 

43 

0 

25 

4 
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51.05 

99.50 
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223 

0.79 

0 

a 

7 

43 

0 

25 

5 

1530 

51.17 

100.68 

204 

228 

0.96 

to 

0 

0 

37 

-1 

29 

6 

2300 

51.82 

100.75 

208 
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1.11 

0 

0 

4 

42 

-4 

33 

7 

Hot 

51.63 

100.45 

212 
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1.14 

2 

0 

4 

44 

-4 

34 

8 
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51.58 

98.67 
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216 

1.22 

0 

0 

10 

44 

-21 

to 

9 
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49.18 

99.67 
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221 

1.40 

0 

0 

30 

40 

1 

37 

10 
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50.20 

98.95 

173 

217 

1.40 

0 

0 

6 

41 

—5 

32 

U 
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100.6? 

182 

219 

1.40 

0 

0 

11 

41 

-4 

28 

12 

870 

49.27 

98.00 

189 

229 

1.42 

0 

0 

14 

41 

0 

31 

13 
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97.25 

184 

211 

1.48 

0 

3 

5 

44 

-6 

27 

14 
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51.17 

97.60 

184 

212 

1.48 

0 


0 

44 

C 

22 

15 

1240 

49.90 

99.05 

187 

22 9 

1.58 

if 

0 

12 

40 

0 

33 

16 

1870 

50.78 

101.30 

186 

216 

1.56 

0 

r 

8 

34 

-5 

26 

L7 

1810 

51.23 
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191 

224 

1.58 

0 

0 

10 

32 

2 

20 

18 
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97,55 
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0 

0 

9 

41 
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19 
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195 
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4 

42 

-4 

33 

20 
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1.67 

0 

0 
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45 
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21 

21 
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56.63 
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1.71 

0 

a 

17 

42 

-2 

30 

22 
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99.93 
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222 

1.75 

0 

0 

12 

42 

3 

21 

23 
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50.42 

97.93 

200 

2 26 

1.75 

0 

3 

8 

41 

5 

30 

24 
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51.65 

100.65 
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2 35 

1.75 

0 

0 

4 

43 

-4 

33 

2^ 

895 

50.80 

98.92 

183 

210 

1.79 

0 

0 

8 

41 

-2 

21 

26 

870 

50.87 

58.10 

20L 

212 

1.79 

0 

u 

4 

44 

4 

20 

27 

1450 

49.85 

100.93 
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209 

1.84 

0 

0 

20 

41 

2 

29 

28 

1710 

50.43 

1 Cl. 05 

179 

209 

1.84 

0 

0 

11 

41 

—4 

28 

29 

960 

49,93 

98.65 

197 

227 

1.93 

0 

0 

14 

40 

1 

31 

30 

790 

49.13 

57.23 

211 

2 32 

2.10 

0 

0 

23 

43 

0 

24 

31 

1060 

49.27 

96.35 

194 

236 

2.11 

0 

0 

20 

43 

2 

30 

32 

850 

49.47 

98.30 

196 

220 

2.11 

0 

0 

28 

46 

-9 

27 

33 

875 

50.75 

98.68 

180 

22 0 

2*11 

0 

0 

9 

40 

-5 

27 

34 

780 

49.37 

97.37 

212 

239 

2.17 

0 

0 

15 

41 

4 

26 

35 

1490 

50.15 

101.67 

182 

218 

2.24 

0 

0 

20 

36 

L 

29 

36 

2350 

50.67 

99.97 

194 

219 

2.28 

G 

0 

12 

40 

5 

20- 

37 

765 

49.77 

97.17 

191 

240 

2.30 

0 

0 

10 

40 

-5 

30 

38 

1333 

49.25 

98,68 

192 

223 

2.37 

0 

0 

16 

40 

0 

20 

39 

1400 

49.62 

100.27 

186 

208 

2.4C 

0 

0 

23 

38 

9 

25 

40 

1231 

49.57 

99.05 

192 

220 

2.41 

0 

0 

19 

41 

0 

25 

41 

1460 

49.98 

t 00.62 
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220 

2.54 

0 

0 

16 

38 

2 

20 

42 

1052 

49.65 

98.50 

190 

224 

2. 57 

0 

0 

14 

40 

1 

31 

43 
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50.70 

99.52 
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225 

2.57 

0 

0 

7 

43 

0 - 

-25 

44 

1570 

50.03 

100.23 

182 

215 

2.63 

0 

0 

10 

39 

5 

21 

45 

1437 

49.23 

100.83 
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211 

2.76 

0 

0 

26 

36 

IS 

21 

46 

2000 

50.75 

ICO. 02 

204 

222 

2.81 

11 

0 

14 

47 

0 

30 

47 

1800 

51.00 

100.07 

204 

222 

3.77 

0 

0 

21 

45 

-12 

21 

48 

2350 

50. 72 

99.60 

199 

225 

3. SO 

0 

0 

7 

43 

0 

25 

49 

1886 

49.15 

ICO. 05 
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228 

4.52 

0 

0 

31 

37 

4 
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20 
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0 

0 

10 

32 

2 
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21 
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1.62 

0 

0 

9 

41 

-4 

26 


22 
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1.66 

0 

0 

21 

44 
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21 
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23 
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26 
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0 
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45 
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8 | 

27 

1510 

49.87 

99.93 

194 

222 

1.75 

0 

0 

12 

42 

3 

21 

28 

895 

50.80 

98.92 

178 

209 

1,79 

0 

0 

8 

41 

-2 

21 

to fe 

29 

870 

50.87 

98. 10 

179 

2 02 

1.79 

0 

0 

4 

44 

4 

20 

IT 4 

30 

1710 

50.43 

101.05 

175 

2 08 

L.84 

0 

0 

11 

41 

-4 

28 

s > 

is 

31 

2200 

51.52 

101.25 

193 

2 22 

1.90 

0 

0 

7 

36 

-t 

25 

32 

960 

49.93 

98.65 

177 

2 08 

1.93 

0 

0 

14 

40 

1 

31 

33 

795 

50.07 

96.45 

194 

215 

2.02 

0 

0 

28 

42 

-13 

27 

36 

1000 

49.13 

98.13 

189 

225 

2.04 

0 

0 

17 

41 

4 

36 

35 

790 

49.13 

97.23 

188 

229 

2.10 

0 

0 

23 

43 

0 

24 

36 

1060 

49.27 

66.35 

190 

2 22 

2.11 

0 

0 

20 

43 

2 

30 

37 

850 

49.97 

98.30 

! 78 

209 

2.11 

0 

0 

28 

46 

-9 

27 


38 

875 

50.75 

90.68 

172 

198 

2.11 

0 

0 

9 

40 

-5 

27 


39 

780 

49.37 

97.37 

196 

2 32 

2.17 

0 

0 

15 

41 

4 

26 


60 

820 

49.13 

96.77 

190 

229 

2.30 

0 

0 

23 

42 

4 

29 


61 

765 

49.77 

97.17 

199 

219 

2*30 

0 

0 

10 

40 

-5 

30 


62 

1333 

49.25 

98.68 

199 

232 

2.37 

0 

0 

16 

40 

0 

20 


63 

1400 

49.62 

100,27 

196 

222 

2.40 

0 

0 

23 

38 

9 

25 


66 

1231 

49.5 7 

99.05 

185 

219 

2.41 

0 

0 

19 

41 

0 

25 


65 

1460 

49.98 

100.62 

183 

213 

2.54 

0 

0 

16 

33 

2 

20 


66 

1052 

49.65 

98.50 

199 

218 

2.57 

0 

0 

i4 

40 

l 

31 


67 

1570 

50.03 

ICO, 2 3 

192 

2 22 

2.63 

0 

0 

10 

39 

5 

21 


68 

2000 

50.75 

100.02 

193 

225 

2.81 

11 

0 

14 

47 

0 

30 


69 

1800 

51.00 

100.07 

194 

223 

3.77 

0 

0 

21 

45 

-12 

21 


50 

2350 

50. 72 

59.60 

190 

219 

3.80 

0 

0 

7 

43 

0 

25 


51 

1^36 

49.15 

100.05 

200 

229 

4.52 

0 

0 

31 

37 

4 

31 



B-4 


Table B-3 


BASIC DATA FOR 6D 



SITE 2 - 

- DAY 6 

( JANUARY 6 f 1976 1 - 

* 



ESHR SNOW 

NO. ELEV 

LAT 

LONG 

TH TV H20 


1 

250 

45-95 

67.32 

220 

230 

3.00 

2 

500 

46-78 

67.70 

209 

224 

3.40 

3 

1000 

46.93 

67.43 

224 

240 

4*20 

4 

550 

47.15 

67.25 

227 

235 

4.20 

5 

550 

46.92 

67.40 

224 

240 

4.30 

6 

900 

47.67 

67.43 

225 

239 

5.40 

7 

1250 

47.15 

66.72 

233 

237 

5.70 

8 

1500 

46.98 

67.10 

224 

236 

6 .00 

9 

1250 

47.07 

66.92 

226 

236 

l y O 10 

10 

1250 

47.02 

66.98 

22 6 

2 36 

6.70 


DAY QBS. (1511 GMT I 


PREC X 100 MAX T 

AVE DAY 

-I & -2 0 -1 


MIN T 
DAY 
0 ~l 


/ 


Table B-4 


BASIC DATA FOR 8D 


SITE 2 — DAY 6 t JANUARY 1976) — DAY OBS. *1532 GMT) 


PREC X 100 

ESMR SNOW AVE 


NO* 

ELEV 

LAT 

LONG 

TH 

TV 

H20 

l 

150 

46*07 

67.55 

239 

240 

3 o 10 

2 

725 

47*45 

69.17 

217 

2 37 

3.20 

3 

200 

45.72 

66.63 

229 

247 

3*50 

4 

50 

46.23 

67*30 

225 

2 47 

3.80 

5 

1000 

46.93 

67.43 

226 

237 

4.20 

6 

500 

47,02 

67.38 

226 

2 37 

4.20 

7 

700 

46.12 

66.77 

232 

245 

4.30 

8 

600 

46.15 

66.5 8 

237 

2 45 

4.30 

9 

475 

46*22 

65.72 

236 

247 

4, 30 

10 

550 

46-92 

67.40 

226 

237 

4.30 

11 

550 

47*15 

67*25 

22 5 

240 

4.30 

12 

200 

46.03 

66. 70 

244 

246 

4.50 

13 

130 

45.92 

66.62 

220 

245 

4.70 

14 

600 

46*03 

65.13 

238 

2 52 

4.70 

15 

400 

46.05 

66.72 

244 

2 46 

5.10 

16 

150 

45.97 

66.87 

230 

249 

5.40 


MAX T 
DAY 
0 -1 


MIN T 
DAY 
0 -1 
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Table B®5 


BASIC DATA FOR 34N 




SITE 2 

— DAY 34 

(FEBRUARY 3, 

19761 

— NIGHT OSS, 

(0436 GMT> 









FREC X 100 

MAX T 

MIN T 





ESMR 

SNOW 

AVE 

DAY 

DAY 

NO* 

ELEV 

LAT 

LONG 

TH 

TV 

H20 

-1 £ -2 

© 

1 

s— 

0 -l 

1 

400 

46*07 

67.55 

L91 

221 

2.90 

55 

53 

-6 

2 

600 

46,03 

65.13 

214 

233 

2.90 

50 

57 

-4 

3 

200 

46.03 

66.70 

218 

227 

3.30 

70 

54 

-3 

4 

400 

46.05 

66.72 

218 

227 

4.30 

70 

54 

**4 

5 

500 

46.78 

67.70 

185 

2 U 

4.70 

65 

56 

-4 

6 

500 

46.53 

67.63 

191 

211 

4.80 

40 

50 

-2 

7 

700 

46.12 

66.77 

207 

221 

5.20 

104 

54 

0 

8 

450 

46.23 

67.30 

200 

228 

5.30 

75 

52 

4 

9 

500 

46.07 

66.87 

207 

221 

5.50 

80 

50 

Z 

10 

475 

46.22 

65.72 

221 

221 

5.60 

55 

57 

-3 

11 

400 

47.07 

67.97 

190 

212 

5,80 

80 

50 

-9 

12 

550 

47.15 

67.25 

205 

212 

5.80 

80 

50 

—7 

13 

550 

47.02 

67.30 

205 

212 

5.90 

75 

50 

-6 

14 

900 

47.07 

67.77 

205 

2 09 

6.20 

80 

41 

-9 

15 

1200 

47.50 

67.25 

193 

216 

6.60 

80 

45 

-9 

16 

600 

46.15 

66.5 8 

216 

221 

6.70 

90 

54 

-4 

17 

450 

47.20 

67. 95 

188 

205 

6.80 

50 

43 

-8 

18 

600 

47.27 

68.62 

206 

213 

7.10 

36 

43 

-10 

19 

500 

47.20 

68.95 

200 

210 

7.40 

35 

40 

-10 

20 

700 

47.2 7 

68.80 

195 

216 

7.50 

36 

43 

-10 

21 

500 

47.45 

68.40 

201 

208 

7.80 

47 

49 

-8 

22 

500 

47.30 

68.03 

188 

2 05 

8.00 

55 

45 

-8 

23 

1200 

47.50 

67.25 

193 

216 

8.80 

80 

45 

-9 
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Table 3*6 


BASIC DATA FOR 61 N 



SITE 2 

— DAY 61 

I MARCH1 t 19761 — NIGHT 06S. 10509 

GMT 5 


NO. ELEV 

LAT 

LONG 

PREC X 100 

ESMR SNOW AVE 

TH TV H20 -1 6 -2 

MAX T 
DAY 
0 -i 

MIN 
OAY 
0 - 


1 

130 

45.92 

66. 92 

227 

243 

2.90 

10 

23 

15 

2 

200 

46.03 

66.70 

235 

2 50 

4.90 

14 

35 

21 

3 

450 

46.23 

67.30 

214 

246 

5.50 

18 

30 

15 

4 

200 

45-72 

66.68 

231 

253 

5.80 

12 

36 

22 

5 

600 

46.15 

66.50 

218 

2 53 

5.80 

18 

36 

23 

6 

4QC 

46.05 

6o.72 

235 

2 50 

6.00 

15 

35 

21 

7 

250 

45.95 

67.32 

226 

241 

6.20 

18 

28 

15 

8 

500 

46.07 

66.87 

226 

249 

6.50 

18 

33 

23 

9 

150 

45.97 

66.87 

237 

253 

6.90 

18 

33 

26 

10 

475 

46.22 

65*72 

224 

255 

7.00 

8 

32 

15 

11 

550 

47.15 

67.25 

221 

230 

8.20 

13 

25 

12 

12 

500 

46.53 

67.63 

214 

231 

8.30 

3 

28 

16 

13 

650 

46.56 

, 67.60 

214 

231 

8 *40 

3 

28 

16 

14 

500 

47.02 

67.38 

213 

233 

8.40 

12 

25 

11 

15 

500 

47.20 

68.95 

228 

248 

8.50 

5 

18 

6 

16 

600 

47.27 

48.62 

227 

2 35 

8.70 

0 

18 

5 

17 

1200 

47.50 

67.25 

216 

232 

8.70 

25 

23 

13 

18 

550 

46.92 

67.40 

202 

2 34 

9.10 

13 

18 

8 

19 

450 

47.20 

67.95 

207 

234 

10.20 

3 

17 

6 

20 

500 

47.30 

68. 03 

216 

240 

11.30 

5 

IS 

10 

21 

1200 

47.50 

67.25 

216 

232 

11.60 

25 

23 

13 

22 

1250 

47.02 

66.98 

222 

247 

13.70 

12 

25 

12 

23 

1250 

47.07 

66.92 

222 

247 

14.30 

12 

25 

12 
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Table B-7 


BASIC DATA FOR 6lR 

SITE 2 — DAY tl (MARCH! ,T9761 NIG«T- 0509 GMT I ** SNOW A. 9- 10*2 INCHES 


PREC X 100 MAX T MIN T 







ESMR 

SNOW 

AVE 

DAY 

0 


NO. 

ELEV 

LAT 

LONG 

TH 

TV 

H20 

-1 £ -2 

0 -1 

0 


1 

200 

46.03 

66.70 

235 

2 50 

4.90 

14 

35 

21 


2 

450 

46*23 

67. 30 

214 

246 

5.50 

18 

30 

15 


3 

200 

45.72 

66.68 

231 

253 

5.80 

12 

36 

22 


A 

600 

46.15 

66.58 

218 

2 53 

5.80 

18 

36 

23 


5 

400 

46*05 

66.72 

235 

2 50 

6.00 

15 

35 

21 


6 

250 

45.95 

67.32 

22 6 

241 

6.20 

18 

28 

15 


7 

500 

46.07 

66.87 

226 

2 49 

6.50 

18 

33 

23 

bfl 

8 

150 

45.97 

66.87 

237 

253 

6.90 

12 

36 

22 

1 

00 

9 

475 

46.22 

65.72 

2?4 

2 55 

7.00 

8 

32 

15 

10 

550 

47.15 

67.25 

221 

2 30 

8.20 

13 

25 

12 


11 

500 

46.53 

67.63 

214 

231 

8.30 

3 

28 

Ic 


12 

650 

46.58 

67.60 

214 

231 

8.40 

3 

28 

16 


13 

500 

47.02 

67.38 

213 

2 33 

8.40 

12 

25 

11 


14 

500 

47.20 

68.95 

228 

248 

8.50 

0 

16 

6 


15 

600 

47.27 

68.62 

227 

2 35 

8.70 

0 

18 

5 


16 

1200 

4 f. 50 

67.25 

216 

2 32 

8.70 

25 

23 

13 


17 

550 

46.92 

67.40 

202 

2 34 

9.10 

13 

18 

8 

ORIGINAL PAGEIS 
OP POOR QUALITY 

18 

450 

47.20 

67.95 

207 

234 

10.20 

3 

17 

6 




Table B**8 


BASIC DATA FOR 6lE 


~ OAV 61 I MARCH U1976J — NIGHT DBS. (0509 GHTI ** CONTOUR SNOH VALUE! 






esHfl 

SNOH 

NO. 

ELEV 

LAT 

LONG 

TH 

TV 

H20 

1 

0 

45.70 

67.17 

221 

255 

5.10 

2 

0 

45.72 

66.73 

227 

255 

5.20 

3 

0 

46.02 

66.71 

235 

250 

5.30 

A 

0 

45.75 

66.95 

231 

253 

5.60 

5 

0 

45.50 

67.40 

2 23 

256 

5.60 

6 

0 

46.10 

67.40 

211 

242 

5.80 

7 

0 

45.50 

67.60 

231 

254 

5.80 

a 

0 

45.80 

67.20 

237 

2 53 

5.90 

9 

0 

46.10 

67,20 

226 

249 

6.10 

10 

0 

46.17 

67.63 

224 

246 

6.40 

11 

0 

46.05 

6'.. 94 

213 

253 

6.60 

12 

0 

46.30 

66.30 

227 

243 

6.90 

13 

0 

46.32 

66.52 

225 

253 

7.10 

14 

0 

45.90 

68, 10 

230 

254 

7.10 

15 

0 

46.47 

67.44 

213 

244 

7.20 

16 

0 

46. 6 

68.12 

217 

244 

7.30 

17 

0 

46.37 

66.73 

227 

241 

7.50 

18 

0 

46.40 

67.20 

221 

246 

7.50 

19 

0 

46.52 

67.90 

214 

2 31 

7.50 

20 

0 

46.36 

69.00 

239 

259 

7.50 

21 

0 

46.52 

69.91 

216 

242 

7.50 

22 

0 

46.30 

69.46 

222 

239 

7.60 

23 

0 

46.50 

67.66 

204 

2 35 

7.70 

24 

0 

46.40 

66, 

233 

243 

7.80 

25 

0 

46.77 

6a. 17 

219 

22 5 

7.80 

26 

0 

46.50 

69.67 

222 

234 

7.80 

27 

0 

46.96 

69.27 

228 

248 

7,90 

29 

0 

46.73 

67.92 

201 

2 33 

8.00 

29 

0 

47.67 

69.50 

197 

2 34 

8.00 

30 

0 

46.70 

67.70 

2 02 

2 34 

0.30 

31 

0 

46.67 

67.45 

207 

241 

8.40 

32 

0 

46.62 

68.57 

219 

246 

8.50 

33 

0 

47.19 

63.83 

227 

235 

8.50 

34 

0 

46.92 

69.05 

235 

245 

8.50 

35 

0 

46.40 

69.23 

234 

246 

8.50 

36 

0 

46.76 

69.25 

220 

2 52 

8.70 

37 

0 

46.46 

69.44 

224 

251 

8.70 

38 

0 

4 T » ‘J 0 

67.17 

232 

237 

0*80 

39 

a 

4. .00 

67.70 

213 

233 

8.80 

40 

0 

46.35 

67.49 

221 

239 

9.90 

41 

0 

47.32 

67.31 

201 

237 

9.00 

42 

0 

47.02 

67.95 

2Q4 

229 

9.00 

43 

0 

46. H2 

68.38 

236 

254 

9.00 

44 

0 

47.16 

68.62 

219 

234 

9.00 

45 

0 

47.22 

69.07 

225 

249 

9.00 

66 

0 

47.93 

69.07 

202 

226 

9.00 

47 

0 

47.02 

69*50 

216 

244 

9.00 

48 

3 

46.82 

69.71 

221 

246 

9.00 

49 

0 

47.3T 

69.73 

207 

237 

9.00 

50 

0 

46*56 

70.23 

211 

220 

9.00 

51 

0 

46.32 

70.35 

202 

234 

9.00 

52 

0 

46.63 

67.24 

220 

231 

9.20 


PREC X LOO 
AV6 

-I 6 -2 





EES n gg ra cm m cm r ? rm rm n 


Table B-8 (Continued) 
BASIC DATA FOR 61E 


0 

46.60 

66.78 

230 

245 

9.20 

0 

47.06 

68.16 

207 

234 

9.30 

0 

47.02 

68.40 

216 

240 

9.50 

0 

47.12 

69.95 

204 

2 39 

9.50 

0 

46.60 

67.0 2 

214 

247 

9.70 

0 

46.92 

70.15 

213 

226 

9.70 

0 

46.86 

69.93 

217 

2 38 

9.80 

0 

47.50 

68.60 

210 

243 

10.00 

G 

46.85 

68.60 

229 

250 

10.00 

0 

46.89 

68.82 

226 

2 40 

10.00 

0 

46.62 

70.35 

211 

2 33 

10.00 

0 

47.35 

67.65 

216 

2 32 

10.20 

0 

47.60 

69.27 

213 

231 

10.20 

0 

46.92 

67.24 

222 

247 

10.30 

0 

47.26 

66.94 

228 

239 

11.00 

0 

47.25 

69.28 

230 

248 

11.00 

0 

47.32 

69.51 

229 

230 

11.00 

0 

47.06 

69-74 

221 

2 33 

11.00 

0 

47.40 

67.90 

207 

225 

11.50 
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SNOW DEPTH (INCHES H20? WIN 


Figure B-2. 41N - S .c • Depth versus Vertical Temperature 
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1 .SO 2.00 2. SO 3.00 

SNOW DE^h f INCHES H30) H 10 


Snow Depth versus Vertical Temperature 









SNOW DEPTH (INCHES H201 41 D 


Snow Depth versus Polarization Difference 
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Figure B-15. 8D - Snow Depth versus Polarization Difference 
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Figure B-18. 34N - Snow Depth versus Vertical Temperature 
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Snow Depth versus Vertical Temperature 
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Figure B-24. 6lN - Snow Depth versus Elevation 
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Appendix C 
ESMR PLOTS 


Plots of ESMR data from the program ESMRPLOT are presented 
in this appendix. The plots cover the snow course measurement area and 
th.» surrounding area. Figures C-l through C-6 are the plots for the night 
orbit on February 10, 1976 (41N) for Site 1, the day orbit on February 10, 
1976 (41D) for Site 1, the day orbit on January 6, 1976 (6D) for Site 2, the 
day orbit on January 8, 1976 (3D) for Site 2, the night orbit on February 3, 
1976 (34N) for Site 2 and the night orbit on March 1, 1976 (6lN) for Site 2. 
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Figure C-3. Horizontal and Vertical Brightness 
Temperatures, Day Obs. , January 6, 1976 (6D) 
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Figure C-4. Horizontal and Vertical Brightness 
Temperatures, DayObs., January 8, 1976 (8D) 
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Appendix D 
SNOW PLOTS 


Plots of the snow values, water equivalent in inches, are presented 
in this appendix.- Plots of data used are the same scale as the ESMR plots of 
Appendix C, and the data has been contoured using 1" or 2" of water equiva- 
lent as the contour interval. Also included are the original contour plot for 
Site 1, February 9-13, and the March 1-3 contour plot for Site 2; both were 
supplied by the Water Resources Branch in Canada. Figure D-l and Figure 
D-2 are plots of the snow values for data sets 41N and 41D. Figure D-3 is 
the original Site 1 contour map for the survey period February 9 through 
February 13, 1976. Figures D-4 through D-8 are snow plots for data sets 
6D, 8D, 34N, 61N adn 6lR. Figure D-9 is the contour plot for the survey 
period March 1 through March 3, 1976. 
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Appendix E 

REGRESSION RESUETS WITH RESEDUAES 


In this appendix, the residuals (observed minus predicted) for 
linear regression are given for all data sets. All other information about 
the linear regressions including the distribution of residuals was given in 
Section 2. 3. The residuals are given for any significant correlation, and 
the highest correlation if a data set does not have a significant correlation 
between snow water equivalent and either the horizontal or vertical bright- 
ness temperature. The residuals, as output from the program EINREG, 
are given in Tables E-l through E-10 for the following data sets and inde- 
pendent variables (H = horizontal, V = vertical): 41N(H), 41D(V), 6D{H), 

8D(V), 34N(V), 6lN(H), 6lR(H), 61R(V), 61E{H}, and 61E(V). The linear 
regression was not significant for 41N, 6D, 8D and 6lN. 

The outputs from the program MUETREG are present for the best 
prediction of snow water equivalent for each data set using multiple regres- 
sion* The first figure for each data set gives the statistical results (inter- 
cept, regression coefficients, analysis of variance table, etc.) and the second 
figure gives the residual values. Multiple regression data are given for data 
sets 41N, 41D, 6D, 8D, 34N, 6lN, and 6lR in Tables E-11A and E-l IB; 

E-l 2 A and E-12B; E-13A and E-13B; E-14A and E-14B; E-15A and E-l SB; 
E-16A and E-16B; and E-17A and E-17B. The second set for 61R, without 
precipitation, are given in Tables E-18A and E-l SB. The sample multiple 
correlation coefficient was not significant for 41N and 8D. 
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0.01 

35 

49.13 

97.23 

229. 

2.10 

2.11 

-0.01 

3b 

49.2? 

96,35 

222. 

2.11 

1.97 

0.14 

37 

49.97 

9d.30 

209, 

2.11 

1.69 

0.52 

3& 

50.75 

98.68 

196. 

2.11 

1.4b 

0.65 

39 

49.37 

97.37 

232. 

2.17 

2-16 

-0.91 

40 

49.11 

96.77 

229. 

2.30 

2.11 

0.19 

41 

49.77 

97.17 

219- 

2.30 

1.90 

0.40 

42 

49,25 

96.68 

232. 

2.37 

2.18 

0.19 

43 

49,62 

100.27 

22 2. 

2.40 

1.97 

0.43 

44 

49.57 

99.05 

219. 

2.41 

1.90 

0.51 

45 

49.96 

IOC. 62 

213. 

2.54 

1.78 

0.76 

46 

49.65 

90.50 

210. 

2.57 

1.88 

0.69 

4 7 

50. Oi 

100-23 

^22. 

2.63 

1.97 

0.66 

40 

50.75 

100.02 

225. 

2.91 

2.03 

0.78 

49 

51.37 

l'JO.07 

223. 

3.77 

1.49 

i.Ttt 

50 

50.72 

95.60 

219. 

3.30 

1.90 

1.90 

51 

49,15 

100.05 

229. 

4.52 

<?.ll 

2.4, 








Table E-3 


6D LINEAR REGRESSION RESIDUALS FOR HORIZONTAL 


i ife 2 

— DAY 

6 (JANUARY 

6, 1976) 

— DAY i 

08S. (1511 

GMT) 



RESIDUAL VALUES FOR 

S NOW VS 

HORZ 


NO* 

LAT 

LONG 

HOP l 

Y DBS 

Y FST 

DIFF 

1 

45 .95 

67.32 

220. 

3.00 

4.43 

-1.43 

2 

46.78 

67.70 

209. 

3.40 

3 .08 

0.32 

3 

46*93 

67.43 

224. 

4.20 

4.92 

-0.72 

4 

47.15 

67.25 

227. 

4.20 

5.29 

-1.09 

9 

46.92 

67.40 

224. 

4.30 

4.92 

-0.62 

6 

47.67 

6 7.43 

225. 

5.40 

5.05 

0.35 

7 

47.15 

66.72 

233. 

5.70 

6.03 

-0.3 3 

8 

46*98 

67.10 

224. 

6.00 

4.92 

1.08 

9 

47.07 

6 6.92 

226. 

6. 10 

5.17 

0.93 

10 

47.02 

66.98 

226. 

6.70 

5.17 

1.53 
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Table E-4 

8D LINEAR REGRESSION RESIDUALS FOR VERTICAL 


ITE 2 

— DAY 

B (JANUARY 

8 i 19761 

— DAY 1 

ObS. (1532 

GMT 1 



RESIDUAL VALUES FOR 

SNOW VS 

VERT 


NO. 

LAT 

LONG 

VERT 

V QBS 

Y EST 

DIFF 

1 

46.07 

67.55 

240. 

3. 10 

4.03 

-0.93 

2 

47.45 

69.17 

2 37. 

3.2 0 

3.86 

-0.66 

3 

45.72 

66.68 

247. 

3.50 

4.45 

-0.95 

4 

46.23 

67.30 

247. 

3. SO 

4.45 

-0.65 

5 

46.93 

67.43 

237. 

4.20 

3.86 

0.34 

6 

47.02 

67.38 

237. 

4.2 0 

3.86 

0.34 

7 

46.12 

66.77 

245. 

4. 30 

4.33 

-0.03 

P 

46.15 

66.58 

245. 

4.30 

4.33 

-0.03 

9 

46.22 

65.72 

247. 

• 4.30 

4.45 

-0.15 

10 

46.92 

67.40 

237. 

4. 30 

3.86 

0.44 

1L 

47.15 

67.25 

240. 

4.30 

4.03 

0.27 

12 

46.03 

66.70 

2 46. 

4. 50 

4.39 

0*11 

13 

45.92 

6 6.62 

245. 

4. 70 

4.33 

0.37 

14 

46.03 

65.13 

252. 

4. 70 

4.74 

-0.04 

13 

46*05 

66.72 

246. 

5. 10 

4.39 

0.71 

16 

45.97 

66.87 

249. 

5.40 

4.56 ■ 

0.84 
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Table E-5 


34N LINEAR REGRESSION RESIDUALS FOR VERTICAL 


ITE 2 

— DAY 

34 {‘ EtfPUAhY 3, 

19761 — NIGHT nes. 

(0436 GMT) 



RFSIDUAL 

tSi 

as 

t 

> 

p OR SNOIn VS 

VERT 


NO. 

L AT 

L QNG 

VERT 

Y DBS 

Y EST 

DIFF 

L 

46.07 

67.55 

221. 

2.90 

5.24 

“2.34 

2 

46 *03 

65.13 

233. 

2*90 

3.64 

-0 . 74 

3 

46*03 

66.70 

227. 

3.30 

4.44 

-1 .14 

4 

46.05 

66.72 

227. 

4.30 

4.44 

-0.14 

5 

**6*78 

67.70 

211. 

4.70 

6.58 

-1.88 

6 

46.53 

67.63 

211. 

4. 80 

6.58 

-1.78 

7 

46.12 

66.77 

221. 

5.20 

5.24 

-0.04 

9 

46.23 

67.30 

228. 

5.30 

4.31 

0.99 

c 

46.07 

66.87 

221. 

5.50 

5.24 

0*26 

10 

46.22 

65.72 

221. 

5.60 

'5.24 

0.36 

u 

47.07 

67.97 

212. 

5.80 

6.45 

-0.65 

12 

47.15 

67.25 

212. 

5* 80 

6.45 

-0.65 

13 

47.02 

67.30 

212. 

5.90 

6.45 

-0.55 

14 

. 47.07 

67.77 

209. 

6.20 

6.85 

-0.65 

15 

47.50 

67.25 

216. 

6. 60 

5.91 

0.69 

16 

46.15 

66.58 

221 . 

6.70 

5.24 

1.46 

17 

47.20 

67.95 

205. 

6. 80 

7.3B 

-0.58 

18 

47.27 

68.62 

213. 

7.10 

6.31 

0.79 

19 

47.20 

68.95 

210. 

7.40 

6.71 

0.69 

20 

47.27 

68.80 

216. 

7.50 

5.91 

1.59 

21 

47.45 

68.40 

208. 

7.80 

6.98 

0.82 

22 

47*30 

68.03 

205. 

8.00 

7.38 

0.62 

23 

47.50 

67,25 

216. 

8.80 

5.91 

2.89 
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Table E-6 

61N LINEAR REGRESSION RESIDUALS FOR HORIZONTAL 



H 

i 



A »-d 

Ci tp- 



i ITE 

2 — DAY 

61 (MARCH!, 1.976* — 

MGHT 

08 S. (0509 

GMT J 



residual 

values for 

SNGfc VS 

HORZ 


MO* 

LAT 

LONG 

HORZ 

Y 08S 

V ESI 

niEF 

1 

45*92 

66.92 

227. 

2.90 

7.44 

-4.54 

2 

46.03 

66.70 

235. 

4.90 

6.47 

-1.57 

3 

46.23 

67.30 

214. 

5.50 

9.02 

-3.52 

4 

45.72 

66.6 8 

231. 

5.80 

6.95 

-1.15 

5 

4t.l5 

6 6.56 

218. 

5.80 

8.53 

-2.73 

6 

46*05 

66.72 

235. 

6.00 

6.47 

-0.47 

7 

45.95 

67.32 

226. 

6.20 

7.56 

~1 .36 

a 

- 46.07 

66.87 

226. 

6.50 

7.56 

-1.06 

9 

45.97 

66.87 

237. 

6.90 

6.22 

0.68 

10 

46.22 

65.72 

224. 

7.00 

7.80 

-0.80 

11 

47.15 

67.25 

221. 

8.20 

8.17 

0.03 

12 

46.5 3 

6 7.63 

214. 

8.30 

9.02 

-0.72 

13 

4b. 58 

67.60 

214. 

8.40 

9.02 

-0.62 

14 

47.02 

67.38 

213. 

8.40 

9.14 

-0.74 

15 

47.20 

66.95 

228. 

8.50 

7.32 

1.18 

16 

47.27 

68.62 

227. 

8.70 

7.44 

1.26 

17 

47.50 

67.25 

216. 

8. 70 

8.78 

-0.0.8 

18 

46.92 

6 7 .40 

202. 

9. 10 

10.40 

-1.38 

1? 

47.20 

67.95 

207. 

10.20 

9.87 

0.33 

20 

47.30 

68.03 

216. 

11.30 

8.78 

2.52 

21 

47.50 

67.25 

216. 

11.60 

8.78 

2.82 

22 

47.02 

66.98 

222. 

13.70 

3.05 

5.65 

23 

47.07 

66.92 

222. 

14.30 

8.05 

6.25 






Table E-7 

61R LINEAR REGRESSION RESIDUALS FOR HORIZONTAL 


SITF 2 — DAY 61 ( MARCH 1* 1976* — NIGHT 0*5, (0509 GMT) ** SNOW 4.9-10.2 INCHES 

RESICLAL VALUES FDR S NOW VS H0R2 


NO. 

LAT 

LONG 

HDRZ 

Y 06S 

Y EST 

OIFF 

1 

46.03 

66.70 

235. 

4.90 

6.15 

-1.25 

2 

46.23 

67.30 

214. 

5.50 

0.09 

-2.59 

3 

45 c 72 

6 6.68 

231. 

5.80 

6.52 

-0.72 

4 

46.15 

66.58 

’ 218. 

5.80 

7.72 

-1.92 

5 

46.05 

66.7? 

235. 

6. 00 

6.15 

-0.15 

6 

45.95 

67.32 

226. 

6.20 

6.98 

-0.73 

7 

46.07 

66.87 

226. 

6.50 

6.98 

-0.48 

8 

45.97 

66.87 

237. 

6.90 

5.97 

0.93 

9 

46.22 

65.72 

224. 

7.00 

7.17 

-0.17 

10 

47.15 

67.25 

221. 

8.20 

7.45 

0.75 

11 

46.53 

67.63 

214. 

8.30 

8.09 

0.21 

12 

46.58 

67.60 

214. 

8.40 

8.09 

0.3X 

13 

47.02 

67*38 

213. 

8.40 

8.18 

0.22 

14 

47.20 

68.95 

228. 

8.50 

6,80 

1.70 

15 

47.27 

68.62 

22 7. 

8.70 

6.89 

1.81 

16 

47.50 

67.25 

216. 

8.70 

7.91 

0.79 

17 

46.92 

67.40 

202. 

9. 10 

9.20 

-0.10 

18 

47.20 

67.95 

207. 

10.20 

8.74 

1.46 
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Table E-8 


61 R LINEAR REGRESSION RESIDUALS FOR VERTICAL 


% I T ff 2 — GAY 61 { MARC M 1 r 197b) — M GH T DBS. (0509 GMT 1 ** SNOW 4.9-10.2 INCHES 
RESIDUAL VALUES FOP SNOW VS VERT 


1 2 
1 O 

1 • 

LAT 

LONG 

VEKT 

Y 08 S 

Y EST 

DIFF 

l 

46.03 

bfc.70 

250. 

4.90 

6.45 

-i .55 

2 

46.23 

67.30 

246. 

5.50 

6.93 

-1.43 

3 

45.72 

66.68 

253. 

5.80 

6.09 

-0.29 

4 

46.15 

66.58 

2 53. 

5.80 

6.09 

-0.29 

5 

46.05 

66.72 

250. 

6. 00 

6 • 45 

-0.45 

6 

45.95 

67.32 

241. 

6.20 

7.53 

-1.33 

7 

46.07 

66.87 

249. 

6. 50 

6.57 

-0.07 

S 

45.97 

66.87 

253. 

6.90 

6.09 

0.81 

9 

46.22 

65.72 

255. 

7.00 

5.85 

1.15 

10 

47.15 

67.25 

230. 

8.20 

8.85 

-0.65 

11 

46.53 

67.63 

231. 

8.30 

8.73 

-0.43 

12 

46.58 

6 7.60 

231. 

8.40 

8.73 

-0.33 

13 

47.02 

67.38 

233. 

8.40 

8.49 

-0.09 

14 

47.20 

68.95 

248. 

8. 50 

6.69 

1.81 

15 

47.27 

68.62 

235. 

8.70 

8.25 

0.45 

16 

47.50 

67.25 

232. 

8.70 

8.61 

0.09 

17 

46.92 

6 7.40 

234. • 

9.10 

8.37 

0.73 


■um 



Table E-9 

61E LINEAR^£EGRESSION R ESIDUA LS FOR HORIZONTAL 

SITE .!' — DAY 6l ( MARCH 1,19761 — NIGHT OSS. {0509 GHTJ ** CONTOIS SNDH VALUES 




RESIDUAL 

VALUES FOR 

SNOW VS 

HORZ 


NO. 

LAT 

LUNG 

HQRZ 

Y DBS 

V EST 

OlFF 

1 

45.70 

67.17 

221. 

5.10 

8.32 

-3.22 

2 

45.72 

66.73 

227. 

5.20 

8.10 

-2.90 

3 

46.02 

66.71 

235. 

5.30 

7. at 

-2.51 

4 

45.75 

66.95 

231. 

5.60 

7.95 

—2.35 

5 

45.50 

67.40 

223. 

5.60 

8.25 

-2.65 

6 

46.10 

67.40 

211. 

5.80 

8.69 

-2.89 

7 

45.50 

67.60 

231, 

5.80 

7.95 

-2.15 

a 

45.30 

67.20 

237. 

5.90 

7.73 

-1.83 

9 

46.10 

67.20 

226. 

6.10 

8.14 

-2.04 

10 

46.17 

67.63 

224. 

6.40 

a. 21 

-1.81 

11 

46.05 

66.94 

218. 

6.60 

8.43 

-1.83 

12 

46.30 

66.30 

227. 

6.90 

8.10 

-1.20 

13 

46,32 

66.52 

225. 

7.10 

8.17 

-1.07 

14 

45.90 

68. 10 

230. 

7.10 

7.99 

-0.89 

IS 

46.47 

67.44 

213. 

7.20 

8.61 

-1.41 

16 

46.56 

68.12 

217. 

7.30 

8.47 

-1.17 

17 

46.37 

66.73 

227. 

7.50 

8.10 

-0.60 

18 

46.40 

67.20 

221. 

7.50 

8.32 

-0.82 

19 

46.52 

67.90 

214. • 

7.50 

8.58 

-1.08 

20 

46.36 

69.00 

239. 

7.50 

7,66 

-0.16 

21 

46.52 

65.91 

216. 

7.50 

S.50 

-1.00 

22 

46.80 

69.46 

222. 

7.60 

8.28 

-0.68 

23 

46.50 

67.66 

204. 

7.70 

8.94 

-1.24 

24 

46.40 

66.98 

233. 

7.80 

7.88 

—0.08 

25 

46.77 

68.17 

219. 

7.80 

8.39 

-0.59 

26 

46.50 

69.67 

222. 

7.80 

8.28 

-0.48 

27 

46.96 

69.27 

228. 

7.90 

8.06 

-0.16 

28 

46.73 

67.92 

201. 

8.00 

9.05 

-1.05 

29 

47.67 

69.50 

197. 

8.00 

9.20 

-1.20 

30 

46.70 

67.70 

202. 

8.30 

9.01 

-0.71 

31 

46.67 

67.45 

207. 

8.40 

8.83 

-0.43 

32 

46.62 

68.57 

218. 

8.50 

8.43 

0.07 

33 

47.19 

68.83 

227. 

8.50 

6.10 

0.40 

34 

46*92 

69.05 

235. 

8.50 

7.81 

0.69 

35 

46,40 

69.23 

234. 

8*50 

7.84 

0.66 

36 

46.76 

69.25 

220. 

8.70 

8.36 

0.34 

37 

46.46 

69.44 

224. 

8.70 

B.21 

0.49 

38 

47.30 

67.17 

232. 

8.80 

7.92 

0.88 

39 

47.00 

67.70 

213. 

6.80 

8.61 

0.19 

40 

46.95 

67.48 

221. 

8,90 

8.32 

0.58 

41 

47. iZ 

6 1*31 

201. 

9.00 

9.05 

-0.05 

42 

47.02 

67.95 

204. 

9.00 

8.94 

0.06 

43 

46.82 

68.38 

236. 

9,00 

7.77 

1.23 

44 

47.16 

68.62 

219. 

9.00 

8.39 

0.61 

45 

47.22 

69.07 

225. 

9,00 

8.17 

0.83 

46 

47.93 

65.07 

292. 

9.00 

9.01 

-0.01 

47 

47.02 

69.50 

216. 

9.00 

8.50 

0.50 

4ft 

46.82 

65.71 

221. 

9.00 

8.32 

0.68 

49 

47.37 

69.73 

207. 

9.00 

8.83 

0.17 

50 

46.56 

70.23 

211. 

9.00 

8.69 

0.31 

Si 

46.32 

70.35 

202. 

9.00 

9,01 

-0.01 

52 

46.63 

67.24 

2 20. 

9.20 

8.36 

0.84 

53 

46.60 

66.78 

230. 

9.20 

7.99 

1.21 



54 

47.06 

6B.I6 

207. 

9.30 

8.83 

0.47 

55 

47.02 

68.40 

216. 

9.50 

8.50 

L.00 

56 

47.12 

69.95 

204. 

9.50 

8.94 

0.56 

57 

46.60 

67,02 

214. 

9.70 

n.5 a 

1.12 

00 

46.92 

70.15 

213. 

9.70 

8.61 

1.09 

59 

46.86 

69.93 

217. 

9.80 

8.47 

1.33 

60 

47.50 

68.60 

210. 

10.00 

8.72 

1.20 

51 

46.85 

68.60 

229. 

10.00 

8.03 

1.97 

64 

46.89 

68. 82 

226, 

10.00 

8.14 

1.86 

63 

46.62 

70.35 

211. 

10.00 

8,69 

1.31 

64 

47.35 

67.65 

216. 

10.20 

8,50 

1.70 

65 

47.60 

69.2? 

213. 

10.20 

8.6t 

1.59 

6 6 

46.92 

67.24 

222. 

10.30 

8.28 

2.02 

67 

47.26 

66.94 

228. 

11,00 

8.06 

2.94 

68 

47.25 

69.28 

230. 

11.00 

7.99 

3.01 

64 

47.32 

69.51 

229. 

11.00 

8.03 

2.97 

70 

47.06 

69.74 

221. 

11.00 

8.32 

2.68 

71 

47.40 

67.90 

207. 

11.50 

8.83 

2.67 
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Table E-10 

61 E LINEAR REGRESSION RESIDUALS FOR VERTICAL 

tITE 2 — DAY 61 I MARCH 1,1976) — NIGHT CBS* (0509 GHT) ** CONTOUR SNOW VALUES 
RESIDUAL VALUES FOR SNOW VS VERT 


I z 
1 □ 

[ • 

LAT 

•LONG 

VERT 

Y DBS 

Y EST 

D1FF 

l 

95.70 

67.17 

255. 

5.10 

7.12 

-2.02 

2 

95.72 

66.73 

255. 

5.20 

7.12 

-1.92 

3 

96.02 

66.71 

250. 

5.30 

7.58 

-2.28 

4 

95.75 

66.95 

253. 

5.60 

7.30 

-1.70 

5 

95.50 

67.40 

256. 

5.60 

7,02 

-1.42 

6 

96.10 

67.40 

242. 

5.80 

B.33 

-2.53 

7 

95.50 

67.60 

254. 

5.80 

7.21 

-1.41 

8 

95.80 

67.20 

253. 

5.90 

7.30 

-1.40 

9 

96.10 

67.20 

249. 

6.10 

7. £8 

-1.5a 

10 

96.17 

67.63 

246. 

6.40 

7.95 

-1.55 

11 

96.05 

66.94 

253. 

6.60 

7.30 

-0.70 

12 

96.30 

66.30 

243. 

6.90 

8.23 

-1.33 

13 

96.32 

66.52 

253. 

7.10 

7.30 

-0.20 

19 

95.90 

68.10 

254. 

7.10 

7.21 

—0. 11 

15 

96.97 

67.44 

244. 

7.20 

8.14 

-0.94 

16 

96.56 

68.12 

244. 

7.30 

8.14 

-0.84 

17 

96.37 

66.73 

241. 

7.50 

8.42 

-0.92 

ia 

96.90 

67.20 

246. 

7.50 

7*95 

-0.45 

19 

96.52 

67.90 

231, 

7.50 

9.35 

-1.85 

20 

96.36 

69.00 

259. 

7.50 

6-*4 

0.76 

21 

96.52 

69.91 

242. 

7.50 

6.33 

-0.B3 

22 

96.80 

69.46 

239. 

7.60 

8.61 

-1.01 

23 

96.50 

67.66 

235. 

7.70 

8.98 

-1.28 

29 

96.40 

66.98 

243. 

7. 80 

8.23 

-0.43 

25 

46.77 

68.17 

225. 

7.80 

9.91 

-2.11 

26 

46.50 

69.67 

234. 

7. 80 

9.07 

-1.27 

27 

96.96 

69.27 

248. 

7. 90 

7.77 

0.13 

28 

46.73 

67.92 

233. 

8.00 

9.17 

-1.17 

29 

47.67 

69.50 

234. 

8.00 

9.07 

-1.07 

30 

46.70 

67.70 

234. 

8.30 

9.07 

-0.77 

31 

46.67 

67.45 

241. 

8.40 

8.42 

-0.02 

32 

46.62 

68.57 

246. 

8.50 

7.95 

0.55 

33 

47.19 

68.83 

235. 

8.50 

8.98 

-0.48 

39 

46,92 

69.05 

245. 

8.50 

8.05 

0.45 

35 

46.40 

69.23 

246. 

8.50 

7.95 

0.55 

36 

46.76 

69.25 

252. 

8.70 

7.40 

1.30 

37 

96.46 

69.44 

251. 

8.70 

7.49 

1.21 

38 

47.30 

67.17 

237. 

8.80 

8.79 

0.01 

39 

47.00 

67.70 

233. 

8.80 

9.17 

-0.37 

90 

46.95 

67.48 

239. 

8.90 

8.61 

0.29 

91 

47.32 

67.31 

237. 

9.00 

8.79 

0.21 

92 

47.02 

67.95 

229. 

9.00 

9.54 

-0.54 

93 

46.62 

68. 3S 

254. 

9.00 

7.21 

1.79 

99 

47.16 

68.62 

234. 

9.00 

9.07 

-0.07 

95 

47.22 

69.07 

249. 

9.00 

7.66 

1.32 

96 

47,93 

6,5.07 

226. 

9. 00 

9.82 

-0.82 

97 

47.02 

69.50 

24*. 

9.00 

3.14 

0.86 

98 

46.82 

69.71 

246. 

9.00 

7.95 

1.05 

99 

47.37 

69.73 

23 7. 

9.00 

8.79 

0.21 

SO 

46.56 

70.23 

228. 

9.00 

9.63 

-0.63 

51 

46.32 

70.35 

.'34. 

9.00 

9.07 

-0.07 

52 

46.63 

67.24 

233 . 

9.20 

9.17 

0.03 

53 

46.60 

66.78 

245. 

9.20 

a. os 

1.15 


54 

47.06 

68.16 

234. 

9.30 

9.07 

0.23 

55 

47.02 

68.40 

240. 

9.50 

>.51 

0.99 

56 

47.12 

69.95 

239. 

9.50 

8 61 

0.89 

57 

46.60 

6 7.02 

247. 

9.70 

7.36 

1.84 

58 

46.92 

70.15 

226. 

9.70 

9.82 

-0.12 

59 

46. 86 

65.93 

238. 

9.80 

8.70 

1.10 

60 

47.50 

68.60 

243. 

10.00 

8.23 

1.77 

61 

46.35 

68.60 

250. 

10.00 

7.58 

2.42 

62 

46.89 

68.82 

240. 

10.00 

8.51 

1.49 

63 

46.62 

70.35 

233. 

10,00 

9,17 

o.as 

64 

47.35 

67.65 

232. 

10.20 

9.26 

0.94 

65 

47.60 

69.27 

231. 

10.20 

9.35 

0.85 

66 

46.92 

67,24 

247. 

10.30 

7.86 

2.44 

67 

47.26 

66.94 

239. 

u. on 

8.61 

2.39 

68 

47.25 

69.28 

248. 

11.00 

7,77 

3.23 

69 

47.32 

69.51 

230. 

11.00 

9.45 

1.55 

70 

47,06 

69.74 

23 3. 

11.00 

9.17 

1.83 

71 

47.40 

67.90 

225. 

11.50 

9,91 

1.59 
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Table E-llA 


41 N MULTIPLE HEGRESSION RESULTS 


MULTIPLE PFG 0 ESS ION TAV41N 

selection i 


VARIABLE MEAN 
NO. 

2 222.2040 7 

4 13 12.7 7539 

DEPEN CENT 

3 1.92795 


STANDARD 
DEVIATION 
8. 33161 
482.59131 

0.76962 


CORRELATION 
X VS V 
0.353 58 
0.304 62 


REGRESS ION 
COEFFICIENT 
0,00672 
0.0004 9 


STD. ERROR 
OF REG.COEF. 
0.01296 
0.00022 


COMPUTED 
T VALUE 
0.51834 
2.20504 


INTERCEPT 


-0.21368 


MULT T PL E CORRELATION 
(R 5QUAREDi*100 


0.31336 

5.81919 


STC . ERRHR OF ESTIMATE 


0. 74658 


ANALYSIS OF VARIANCE FOP THE REGRESSION 


SOURCE OF VARIATION 

ATTfil BUTAULE TO REGRESSION 
DEVIATION FROM REGRESSION 
TOTAL 


DEGRFFS 
OF FREEDOM 
2 
46 
48 


SLM OF 
SQ LARES 
2.79L71 
2 5.63942 
28.431-12 


FEAN 

SCUARFS 

1.39535 

0,55738 


F VALUE 
2.50432 


VARIABLES FUR THIS SELECTION 


DEPENDENT 


3 - SNOW DEPTH-WATER EQUIVALENT INCHES 

INDEPENDENT 


2 - VERTICAL E SMR TEMPERATURE 

4 - ELEVATIDN IN FEET AT SNOW LOCATION 


ORIGINAL PAGE IS 
OP POOR QUALITY 


«E9t 


eas cssr as era cn <c=3- =3 *C£3 &> G=3 C~) e» 

Table E -I IB 

41N MULTIPLE REGRESSION RESIDUALS 


MUL1 1 PLE KJG^nSStn^ 

seiBCTfUM i 


TABLE QF RFSinUALF 


CASF KO. 

Y VALUE 

y estimate 

RESIDUAL 

1 

0.70000 

1 . 6 B 53 l 

- 0 . 9 B 531 

2 

0.77000 

2 . 0960 B 

- 1. 32608 

3 

0.79000 

1.70653 

- 0.99653 

4 

0.79000 

1.71506 

- 0.52506 

5 

0.96000 

2.07400 

-t. 11 400 

6 

1.1 1000 

2.45394 

- 1.34394 

7 

1.14000 

1.93062 

“ 0. 79862 

a 

1.22000 

1.65301 

- 0.43301 

9 

1.40000 

2.06648 

- 0. 66640 

10 

1.40000 

L . 60440 

- 0.20440 

a 

L . 40000 

2.15663 

- 0. 75663 

12 

1.42060 

1.75521 

- 0. 33521 

13 

1.40000 

1.57992 

- 0 .C 9993 

14 

1.40000 

1.60630 

- 0 . 1263 B 

15 

1 .56000 

1.93774 

- 0.35774 

16 

1 . 5 B 00 C 

2 .Ioll 3 

- 0. 58113 

17 

1.50000 

2.10332 

- 0.60532 

10 

1.62000 

1.70107 

- 0 . 16107 

19 

1.66000 

2.46516 

- 0. 00516 

20 

1.67000 

1.68038 

- 0 . 01038 

21 

1.71000 

L . 70612 

0. 00338 

22 

1.75000 

2.02300 

- 0.27380 

23 

1,75000 

1.71136 

0.03864 

24 

1.75000 

2 * 15560 

- 0.40560 

25 

1.79000 

1.63900 

0.15020 

26 

1,79000 

1.64091 

0.14909 

27 

1.84000 

1 . 906 H 7 

- 0. 06687 

20 

1,84000 

2.03513 

- 0. 19513 

29 

1.93000 

1.70617 

0,14303 

30 

2.10000 

1.73592 

0 . 36400 

31 

2.11000 

l. 0960 1 

0.21399 

32 

2.11000 

1.68404 

0.42516 

33 

2.11000 

1.69717 

0.41233 

34 

2.17000 

1.7700 5 

0.39195 

35 

2.24000 

1.90711 

0.25288 

36 

2 . 2 B 000 

2.41810 

- 0, 13010 

37 

2.30000 

1.77737 

0. 52262 

38 

2.37000 

1.9769 0 

0. 39310 

39 

2.40000 

1.67540 

0 . 52452 

40 

2.41000 

1.07279 

0.53721 

tl 

2.54000 

1 . 9057 <> 

0. 55424 

42 

2.57000 

t. bl 138 

C. 75362 

43 

2.57000 

1.64174 

0 , 7202 2 

44 

2.63000 

2 . 0064 i 

0,62359 

45 

2,76000 

1.91390 

0. 04610 

46 

2.01000 

2.26560 

0. 54440 

47 

3 . 7700 U 

2, 16649 

1.60306 

40 

3.00000 

2 . 4604 - 

1. 34156 

49 

4.52000 

2.24971 

2. 27029 
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Table E-12A 

41 D MULTIPLE REGRESSION RESULTS 


MULTIPLE REGRESSION DAY41il 

SELECTION 1 


VARIABLE 

MEAN 

STAND4PD 

CORRELATION 

REGRESSION 

STD. ERROR 

CQMPUTEQ 

NO. 


DEV I AT ION 

X VS Y 

COEFFICIENT 

OF PEG.COEF. 

T VALUE 

1 

100.49019 

8.63567 

0. C5995 

-0.01736 

0.01604 

-1.08205 

2 

217.41176 

90790 

0.281 6R 

0.02516 

0.01436 

1.75143 

5 

'-2. 92157 

7*4 1577 

0.47525 

0.3403 3 

0.01300 

3.10124 

DEPENDENT 







3 

1.37L17 

0.73945 






IMFRCFPT 


-0.8L2B2 


MULTIPLE CORRELATION 0.52442 

t R SCUARrCi + LOO 27.5012L 


STD . ERROR OF ESTIMATE C.64939 


ANALYSIS OF VARIANCE FOR THE REGRESSION 


SOURCE JF 

VARIATION 

UEGRFES 

SLM OF 

RE AN 

F VALUE 



OF FREEDOM 

SQUARES 

SQUARES 


ATTRIBUTABLE 

TO REGRESSION 

• 3 

7.51858 

2.50619 

5.94289 

DEVIATION FROM REGRESSION 

47 

19.82050 

0.42171 


TOTAL 


50 

2 7.33907 




VARIABLES FOR THIS SELECTION 


DEPENDENT 

3 - SNOW DEPTH-WATER EQUIVALENT INCHES 

INDEPENDENT 

1 - horizomtial esmr temperature 

2 - VERTICAL ESMR TEMPERATURE 

5 - MAXIMUM TEMPERATURE P4Y 0 






ST-3 



Table E-12B 

i 

41D MULTIPLE REGRESSION RESIDUALS 


MULTIPLE ...rAY4M 

SELECT IC-', 1 


TftUL B .'F KtStOLUS 


Air NC. 

Y VALUE 

> ESTIMATE 

Rf 5I0LAL 

L 

0.74000 

1.7T5L9 

-1. 07S8« 

2 

0.79000 

1.32512 

-C- 53512 

3 

0.74000 

1.32512 

-C. 53512 

4 

0.96000 

1.46347 

-0. 50347 

S 

1.05000 

1.60577 

-0. 55578 

6 

1. 14000 

1.46425 

-0. 3242 5 

7 

1.19000 

1.B1700 

-0. 62700 

u 

1.22UOJ 

1.73590 

-0.51590 

9 

1.35000 

1,15306 

0. 19694 

10 

1,37000 

1.67639 

-0. 30639 

li 

1.4000J 

2.69594 

-1.29594 

12 

1.40000 

1.40376 

-0. 00377 

13 

1.40000 

2.14046 

-0.74046 

14 

1.4000!) 

1.53247 

-0- 13247 

15 

1.40000 

1.58575 

-0. 18575 

15 

1.48000 

1.42935 

O.C5065 

17 

1.58000 

1.71769 

-0. 13769 

la 

1.58000 

1.62790 

-0.C4790 

19 

1.58000 

1.51562 

0. C6438 

20 

1.58000 

1.75501 

-0. 17501 

21 

1.62000 

1.58011 

0. C3989 

22 

1.66000 

1.96619 

-0. 30619 

23 

1.66000 

1.72889 

-0. C68B9 

24 

1.67000 

2.27663 

-0.60663 

25 

1.67000 

1.B4559 

-0. 17559 

26 

i.nooo 

1.82376 

“0. 11376 

27 

1.75000 

1.38851 

-0. 13851 

23 

1*79000 

1.67787 

0. 11213 

29 

1.79000 

1.32311 

0.46689 

30 

1.84000 

1.82577 

0.01423 

31 

1.90000 

1.70422 

0. 19578 

32 

1.93000 

1.91205 

0.01795 

33 

2.02000 

2.35769 

-0.33769 

34 

2.04000 

2.25240 

-0. 21240 

35 

2.10000 

2.61236 

-0.51236 

36 

2.11000 

2.28057 

-0.17057 

37 

2.11000 

2.48446 

-0.37446 

38 

2.11000 

1.54563 

0. 56437 

39 

2.17000 

2.22634 

-0. C5634 

40 

2.30000 

2.57765 

-0. 27765 

41 

2.30000 

1.64560 

0. 65440 

42 

2.37000 

2.21460 

0. 15540 

43 

2.40000 

2.29742 

0. 10258 

44 

2.41000 

2.25155 

0.15845 

4* 

2.54000 

. 2.01435 

0. 52565 

46 

2.5T000 

1.78176 

0. 78824 

47 

2.63000 

1.84256 

0. 78744 

48 

2.81000 

?, 16199 

0. 74801 

49 

3.77000 

2.27663 

1.4933? 

50 

3.80000 

1.68087 

2. ll^lB 

51 

4.52000 

2.72672 

1.79328 


MULTIPLE REGRESSION 


DAY 6D 



ET3 C3 G~3 {S3 m £3 €~3 C"3 C3 CSX & f 



SELECTION 1 


VARIABLE MEAN standard CORRELATION REGRESSION STD. ERROR COMPUTED 

NC. DEVIATION X VS Y COEFFICIENT OF REG.COEF. T VALUE 

L 221.79999 6.L4274 0.60520 Q.D3719 0.03666 1.01445 

A 90.J.OC00O 416.09976 0.900C6 0.00240 0.00054 4.44921 

DEPENDENT 

1 4.90000 1.24633 


INTERCEPT - 5. 58487 

MULTIPLE CORRELATION 0.91348 

IP SQU AP~ G 5^130 83.44449 

ST C, ERRuR ;F ESTIMATE 0.575GL 


ANALYSIS OF VARIANCE FOR THE REGRESSION 

SOURCE TF VARIATION DFGREFS SUM OF FEAN F VALUE 

OF fP F EDP M SQUARES SQUARES 

ATTRI8UT APL C TO REGRESSION 2 11.66554 5.83277 17.64099 

DEVIATION FROM REGRESSION 7 2.31446 0.33064 

TOTAL 9 13.98000 


VARIABLES EOF THIS SELECTION 


DEPENDENT 


3 - SNON DtP. H-WATER EQUIVALENT INCHES 

INDEPENDENT 


1 - HUP IZONTIAL E SMR TEMPERATURE 

4 - ELEVATION IN FEFT AT SNOW LOCATION 



ORIGINAL PAGE IS 
OP POOR QUALITY 


Table E-13B 


6D MULTIPLE REGRESSION RESIDUALS 



£1 


-o 


MULTIPLE ^EGRESSION PAY 6D 

SELECTION 1 


TABLE OF RESIDUALS 


CASE MO. 

Y VALUE 

Y ESTIMATE 

RESIDUAL 

1 

3,00000 

3. 1970 L 

-0. 19701 

2 

3,40000 

3.38859 

0. Cl 141 

7 

4,20000 

5. 14769 

-0. 94769 

A 

4.20000 

4.17810 

0. C2190 

5 

4.3000G 

4.06653 

0.2334 7 

(. 

5.40000 

4.94462 

0.45538 

1 

5. roooo 

fc. 08302 

: “0.38302 

b 

6.00000 

6. 34898 

-0. 34898 

q 

6.10000 

5. .82271 

0. 27729 

10 

6.70000 

5.82271 

0. 87729 


— is nwffrt ' wwa i juuLi. ‘ j»...L» » -iM J ..E w a^ ^ 
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Table E-14A 

8D MULTIPLE REGRESSION RESULTS 


wjlHPLS F'ET^SSIPN CAY f-P 

?r LEf T I'*N ! 


V A« I AL L c •'■' r A\ 

\ * 

■ c4’.5c250 

- HM.2b.m 

S€fl' r - TtMT 

z 4.24374 

viANrA^i; 
:-t v r a t i on 

4. t4?4l 
?A7. 26099 

0. £1745 

COURT LA T I ON 
* VS v 
0. ifcl 52 
-0. 12245 

RF&PESSUN 
€ n E F F I C I£M 
0.06322 
C. 0C02 1 

STO. ERROR 
OF REG.COEF. 
0.03434 
0.00067 

COHPuTtr 
T VALUE 
1.34L11 
0.30816 

I\T"Ct' 5 T 

-U.249t 3 





YULUFlE ccppflation 

In Ss.uA« r CI*10j 

0.46767 

£1*6711* 

- 




STC. FfpJR r{- rsriNATt 

0. 5flfc?B 






ANALYSIS JF VAR I A\C r FPF THt PFGPFiSItTN 


^ -l^C r JF VA«I AT f<1\ 

AT7-J F:*TAf‘l. E TO *EG«£$S ICfc 
7=V IA7IC*. C «‘'M REGRESSION 
TCTAl 


PcGRf r S 
OF FRttrnv 
2 

13 

15 


S ne 
Sfj LARt 5 
1.253PR 
4.4684R 
5.71037 


*<F AN 
SQUARES 
J. 62545 
P. 34373 


P VALUE 
I.B1959 


VAnlARLFS F CF T hIS SELECTION 


PEPfchCt.MT 

3 - Sf<?* UE<>Th-*ATEF FOUVALFM JAChFS 

I^DEPENLUNl 


VERTICAL r S^R Tt *'PE pa TUF r 
ELEVATION IN FFE T AT SNPW LTCAT ! 





i^Pt*WS»p^P«ri»n 
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Table E-14B 


8D MULTIPLE REGRESSION RESIDUALS 


MULTIPtE REGRESSION. ....CAY 6C 
SELECTION 1 


TABLE OF ftESICLALS 


SE MC. 

Y VALUE 

Y ESTIMATE 

RESIDUAL 

I 

3.10000 

3.95399 

“0. 65399 

2 

3.20000 

3.88356 

-0.68356 

3 

3.50000 

4.40689 

-0. 50689 

4 

3.80000 

4.45873 

-0. 65873 

5 

4.20000 

3. 94057 

0.25943 

6 

A. 20000 

3.83690 

0. 36310 

? 

4.30000 

4.38412 

-0. C8412 

0 

4.30000 

4. 36339 

-0. C6339 

9 

4.30000 

4. 463 Q 1 

-0. 16391 

10 

4.30000 

3.84727 

0.45273 

n 

4 . 30000 

4.03653 

0.26307 

12 

4.50000 

4.34367 

0.15633 

13 

4.70000 

4.26554 

0. 43406 

14 

4.70000 

4. 80592 

-0. 10592 

15 

5.10000 

4. 38514 

0. 71486 

16 

5.40000 

4.52296 

0. 87704 
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Table E-15A 

34N MULTIPLE REGRESSION RESULTS 


MULTIPLE ^(Ji! ESS ION..... PAY 34N 
SELECTION 1 


VA«IAcLE MEAN 

STAND At-' D 

CHRP. ELATION 

REGRESSION 

STD. ERROR COMPUTED 

V. 

DEV 1 ATI UN 

X VS V 

COEFFICIENT 

OF REG.COF.F, T VALUE 

i 231.60869 

10.K4912 

-0. 31764 

0.03339 

0.02764 1.20826 

-c 210.34782 

7.67290 

-0. 64264 

-0. L5051 

0.03864 -3.89557 

4 5B1. 52173 

236.22671 

3.48613 

0.00290 

0.00100 2.91395 

DEPENDENT 





i 3.86521 

1.59220 




INTF. RCEP r 

30.00812 




MJLTIPIE CORRELATION 

C.7To56 




( a s-jua^nmoo 

60. 30417 




STC. ERROR C= ESTIMATE 

I. 0 794 5 




ANALYSIS OF VARIANC- FOR THE Rfc 

r.RFSSICK 


5 :U2CF ’= VAR TAT ION 

DEGREES 

SLM OF 

*EAN 

F VALUE 


OF c Rf EDO 

M SQUARES 

SCUARES 


ATT^IEUTAELF TU REGRESSION 3 

33.63286 

11.21095 9.62133 

DEVIATION FROM REGRESSION 19 

22. L3916 

i. 16522 

total 

22 

5 5.77202 




VARIABLES FOR THIS SELECTION 


DEPENDENT 


i - S<\Jh life P TH-WATE r EQUIVALENT INCHES 
INOEf'f NDtNT 


1 - H0M2UNTIAL F SMR TEMPERATURE 

2 - VERTICAL F SMR TEMPERATURE 

A - ELEVATION IN FEET AT SNOH LOCATION 



e» £23 C3f 


Table E-15B 

34N MULTIPLE REGRESSION RESIDUALS 


MULTIPLE R EGK £$ S ION ..... . DAY 34W 


SELECT !PM I 




TA3LE OF R B SI DUAL S 


E NO. 

Y VALUE 

Y ESTIMATE 

RESIDUAL 

1 

2.90000 

4. 2842 4 

-1.38424 

2 • 

2.90000 

3.82628 

-0.92628 

3 

3.30000 

3.70268 

-0.40268 

4 

4.30000 

4.28278 

0. Cl 722 

5 

4 . 70000 

6.87900 

-1 . 17900 

6 

4.80000 

6.07935 

-1. 27935 

7 

5.20000 

5.68867 

-0. 48867 

8 

5.30000 

3.67625 

• 1. 62375 

9 

5.50000 

5. 10857 

0.39143 

10 

5.60000 

5.50354 

0. C9646 

11 

5.80000 

5.60541 

<L 19459 

12 

5.80000 

6.54136 

-0.74136 

13 

5.90000 

6.54136 

' -0. 64136 

14 

6.20000 

8.00805 

-1 „ 80805 

15 

6.60000 

7.42396 

“0. 82396 

16 

6.70000 

5.69914 

1. C0086 

l 1 

6.80000 

6 . 73719 

0. C6281 

18 

7 * 10000 

6.56926 

0. 53074 

19 

7.40000 

6.53038 

0. 86962 

20 

7.50000 

6.04048 

1. 45952 

21 

7.80000 

6.86479 

0. 93521 

22 

0.90000 

6.88222 

1. 11778 

23 

8.80000 

7.42396 

1.37604 
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Table E-X6A 

6lN MULTIPLE REGRESSION RESULTS 


PROFESSION UY61N 

SELECT I'’. 1 


va^iaple «i;j 

STANr.iwn 

Cl.-: RE LA TION 

fETRESi 'ON 

STO. F9P0R 

computed 

\. . 

OfcviATinM 

x VS Y 

COEFFICIENT 

OF REG.C3EF. 

T VALUE 

1 2 21.34/S2 

8. *5\f »4 6 

-J. T5t, 68 

-0.0390 3 

0.0441 L 

-0.38539 

4 3>7.af)364 

0EPtMCc\T 

* .= .12608 

34 4 , 4465 3 
15222 

0. 7 C G40 

0. 0060 0 

0.00116 

5.16353 


M 

t 

ro 

co 


IhTE^CE'BT 

MULT 1PLE CrcKfLiTIGM 

c f? iyu*-»er »*ioo 

STT. ERHf.P U? ESTIMATE 


1 3 . 3705 * 

0-79921 
6 i» 8 095 7 

L. 73453 


ANALYSIS OF VARIANCE FC9 THE REGRESSION 


SOURCE OF VARIATION 

AT TF I RUTAFi. f TC REGP £ SS If': 
PEVUTICN FR r“ RrG&FSSlON 

TOTAL 


DEGREES 
f 'F FREEDOM 
2 

20 

22 


sc M of 

squares 

106.46853 

6 C.17525 
166-64415 


PE AM 
SQUARES 
53.23445 
3.00376 


F VALUE 
17.69313 


VAiUAdLFS FOE THIS 5? LECTIO'! 




CFPENn’irNT 


3 - SKtlh rEPTH- h ATtR EQUIVALFMT INCHES 

lr-;r EPFNOEM 


] - Hf.FI/0MUL E$MR TEMPERATURE 

4 - ELEVATfr-J 1 * FEE T AT SNITW LOCATION 
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Table E-16B 

61 N MULTIPLE REGRESSION RESIDUALS 

MULTIPLE r.fC* ESSU’\ PAY61N 

SELECT IC* 1 


TABLE OF RESIDUALS 


F NC. 

v VALUE 

Y ESTIMATE 

RESIDUAL 

1 

2,90000 

5.26013 

-2* 38013 

2 

4,90000 

5.38743 

-0.48743 

3 

5.50000 

7.70770 

-2.20770 

A 

5.80000 

5.54373 

C. 25626 

5 

5-80000 

9,45121 

-2.65121 

6 

6,00000 

6.58717 

-0. 58717 

7 

6.20000 

6.03905 

0. 16095 

8 

6.50000 

7.53873 

-1.C3873 

9 

6.90000 

5.00934 

1. 89066 

10 

7.00000 

7.46691 

-0. 46691 

11 

6.2C 000 

6.03404 

0. 16596 

12 

8.30000 

8.00764 

0. 29236 

13 

8.40000 

8.90745 

-0. 50745 

14 

8.40000 

6.04672 

0. 35328 

15 

8.50000 

7.46057 

1. C3943 

16 

8.70000 

8.09952 

0.60048 

17 

8.70000 

12.12858 

-3.42858 

18 

9.10000 

8.7764 9 

0. 32351 

19 

10.20000 

7.98124 

2. 21876 

20 

11.30000 

7.92949 

3.37051 

21 

• 11.60000 

12. 12858 

-0. 52858 

22 

13.70000 

12. 19406 

1. 50594 

23 

14.30000 

I2.194C6 

2. 10594 
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Table E-17A 

61 ft MULTIPLE REGRESSION RESULTS 


MULTIPLE REGRESSION PAYtlR 

SELECT IPV.... , 1 


VARIABLE 

MEAN 

STAN CARP 

CORRELATION 

REGRESSION 

STD. ERROR 

COMPUTED 

n-:.. 


PF V I ATION 

X VS v 

COEFFICIENT 

OF PEG. CHEF. 

T VALUE 

1 

221.55554 

9.9b585 

-0.61268 

-0.01947 

0.02429 

-0. BO 163 

i 

/^.lUlo 

9. 411^3 

-*0. 75214 

-0.03635 

0.02913 

-1.24560 


1 1.38R09 

7* J 4668 

-0.50931 

-0.05736 

0.02949 

-1.94497 

tl 

27.83333 ’ 

6.85350 

-0. 85991 

-0.2238 5 

0.11220 

-1.99510 

7 

IS.OnoOO 

6. 13572 

-0. 79885 

0. 13053 

0.11890 

1.09780 

DEPENDENT 







3 

7 . 39444 

L.5C234 






INTERCEPT 

25.43510 




MULTIPLE CORRELATION 
(R SuRJAREDmOO 

0.91739 

84.16075 




STD. ERPC.F OF ESTIMATE 

0.71165 




ANALYSIS OP VARIANCF 

FDR THE REGRESSION 


SOURCE OF VARIATION 

attcibjtaplf to regression 

DFV1ATICN F-OM RFGRFSSIUN 
TOTAL 

DEGREES 
OF FREEDOM 
5 

12 

17 

. SUM OF 
SQ LARES 
32.29193 
6.07742 
3B.io935 

mean 

SQUARES 

6.45839 

0.50645 

F VALUE 
12.75222 


VARIABLES FOR THIS SELECTION 


DEPENDENT 


3 - ShOw DfcpTH-WATEP EQUIVALENT INCHES 

INDEPENDENT 

1 - HOP I ZONTI A L E SMR TEMPERATURE 

2 - VFKTICAL E SMR TEMPERATURE 

5 - AVERAGE PRECIPITATION FOR DAYS -I AND - 2 

6 - MAXIMUM TEMPERATURE DAY -1 

7 - MINIMUM TEMPFRATURF DAY 0 














Table E-17B 


6lR MULTIPLE REGRESSION RESIDUALS 


case 


I PL F JC Gf 

F S S I ON . . * , 

. .PA Ye IP 


SFLECT ION 




TABLE OF 

KESICUALS 


■ NC . 

Y VALUE 

Y ESTIMATE 

RESIO'JAL 

1 

4.90000 

5.87498 

-0. 57s 98 

2 

5.50000 

6.53596 

-l. C3596 

3 

5.80000 

5.86523 

-0. C6524 

4 

5.80000 

5.90473 

-0. 13473 

5 

6 .00000 

5. 31762 

0. 13238 

6 

6.20000 

6.93172 

-C, 73172 

7 

fa .50000 

t. 56568 

—0‘. C65B8 

a 

6.90000 

5* 7483 8 

1. 15162 

9 

7.00000 

6. 14002 

0. 85998 

10 

8.20000 

7.99570 

0. 20430 

i i 

i JL 

a. 30000 

8.51985 

-0. 21986 

12 

8.40000 

8.51965 

-0. 11985 

13 

8.40000 

7. 96929 

0. 43071 

14 

8.50000 

8. 73463 

-0. 23463 

15 

8.70000 

5.0961 1 

-0. 39611 

16 

8.70000 

7.91025 

0. 78975 

17 

9.10000 

9.26515 

-0. 16515 

18 

10.20000 

9.70421 

0.49579 
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Table E-18A 

6IR MULTIPLE REGRESSION RESULTS, ‘WITHOUT PRECIPITATION 


MULTIPLE REGRESSION DAY £ IR 

SELECT ION 2 


Vf'<JA8 [ £ ME AW 

AT . 

I 221.55554 

u e 7.83333 

7 ts.ooooo 

DEFlNCINT 

} 7.39444 


$1 ANOAPD 
DFV1ATI0N 
9.56595 
6. £5350 
6. 13572 


C OF P £ LA TI ON 
X VS Y 
68 

-0,850 91 
.% ?9SS5 


REGRESSION 
COEFFICIENT 
-a. 02303 
-0.24395 
Go 08646 


STO. ERROR 
□F REG.COEF. 
0.02424 
0.11597 
0.12320 


COMPUTED 
T VALUE 
-0.95016 
-2.1O350 
0.70178 


1.5C234 


INTERCEPT 


17.99057 


MULTIPLE CORRELATION 0.87662 

I R LCUARt-rmoO 76.84711 

STC. ERROR OF ESTIMATE C. 79658 


ANALYSIS OF VARIANCE FOR THE REGRFS5I0A 


Source of variation 

DEGREES 

SLM OF 

MEAN 

F VALUE 


OF FREEDOM 

SQUARES 

SCUARES 


ATTF I SUtAEL f TO REGRESSION 

3 

29.48573 

9.82858 

15.4091 

DEV I AT I CN fpom REGRESSION 

14 

8.88362 

0.63454 


total 

17 

3 8.36435 



variables FDF Thl s 

SELECTION 




DEPENDENT 

-3— -T. JSNUH DEPTH- hATE R EQUIVALENT INCHES 
INDEPENFf NT 


1 

6 

7 


HOP. I ZONTl AL ESMR TEMPERATURE 
Mr. S' ! MUM TEMPERATURE DAY -l 
MINIMUM TFMPFRATURE DAY 0 


ORIGINAL PAGE IS 
OP POOR QUALITY 
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Table E-18B 

61 R MULTIPLE REGRESSION RESIDUALS, WITHOUT PRECIPITATION 


multiple regression t4Y6ir 

S FL EC T IG^ 2 


TABLE OF RF SI DUALS 


NO • 

Y VALUE 

Y ESTIMATF 

RESITUAL 

1 

4*90000 

5.85521 

-0. 95521 

2 

5.50000 

7.03990 

-1. 53990 

3 

5-30000 

5. 78985 

0. 01015 

4 

5 .80000 

6.17573 

-0. 37574 

5 

6.00000 

5.85521 

0. 14479 

6 

6.20000 

7.25140 

-1. C5140 

7 

6.50000 

6. 72332 

-0. 22332 

8 

6.90000 

5.65165 

1. 24333 

9 

7.00000 

6.32168 

0. 67832 

10 

8.29000 

. 7.83904 

0. 36096 

11 

8,30000 

7.61426 

0. 68574 

12 

8,40000 

7,61426 

0, 78574 

13 

8.40000 

7.93685 

0. 46315 

14 

8.50000 

8. 86671 

-0. 36571 

15 

8.70000 

8.80329 

-0. 10329 

16 

3.70000 

8.52856 

D. 17144 

17 

9.10000 

9.63348 

-0. 53843 

18 

10.20000 

9.59435 

0. 60565 



Appendix F 

METEOROLOGICAL DATA FOR SELECTED STATIONS 

This appendix presents daily data for precipitation, maximum tem- 
perature, minimum temperature and hours of bright sunshine for selected 
reporting stations in th-r analysis area for Sites 1 and 2. The stations were 
selected to provide data distributed over the analysis area and to include as 
many stations as possible repor'dng hours of bright sunshine. 

Table F~1 gives the at Ion names, an identification mnemonic (ID) 
for each station, and the latitude r ~d longitude of each station. Figure F-l 
is a plot of the stations for Site 1. Figure F-2 is a plot of the stations for 
Site 2. 

In the meteorological data tables, the station ID is given, the type 
data, and the day of the month. The analysis observation day is shown by a 
double underline. Data is always given for five preceding the analysis day 
and one day after. The abbreviations of Prec. , Max. T. , Min, T- , and Hrs 
Sun indicate total precipitation for the day in hundreths of inches of water, the 
maximum temperature for the day in degrees Fahrenheit, the minimum tem- 
perature for the day in degree. Fahrenheit, and hours of bright sunshine. 
Table F-2 gives February meteorc ~ical data appropriate to Site 1. Table 
F-3 gives the January mete or ologic ,1 data appropriate Z -■*» 2. Table F-4 
gives the meteorological data for late January and early F iary appropriate 
to Site 2. Table F-5 gives meteorological data for late Feh _^ry and early 
March appropriate to Site 2. 
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Table F-l 


LOCATION OF SELECTED WEATHER STATIONS 


Name 

ID 

Latitude 

Longitude 

Site 1 




Brandon CDA, Manitoba 

BN 

49.87 

99.97 

Dauphin A, Manitoba 

DN 

51.10 

100.05 

Ericksdale, Manitoba 

EE 

50.87 

98. 17 

Harding, Manitoba 

HG 

50.03 

100. 50 

Morden CDA, Manitoba 

MN 

49.19 

98.08 

Fine River, Manitoba 

PR 

51.77 

100.32 . 

Wasagaming, Manitoba 

WG 

50.65 

99.97 

Winnipeg International A, 
Manitoba 

WP 

49.54 

97.14 

Site 2 




Aroostook, New Brunswick 

AK 

46.78 

67.73 

Canterbury, New Brunswick 

CY 

45.88 

67.45 

Edmundston Frasier Co, N.B. 

EF 

47. 37 

68. 33 

Fredericton CDA, N.B. 

FN 

45.87 

66. 53 . 

Little River Mine, N.B. 

LR 

47.28 

66.07 

Caribou WSO AP, Maine 

CU 

46. 87 

68.02 

Houlton FAA AP, Maine 

HN 

46. 13 

67.83 


F-2 
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Table F-2 

SITE 1, FEBRUARY, METEOROLOGICAL DATA FOR SELECTED STATIONS 



Station 

(Mnemonic) 

Data for 

— 

— 






Max. T. 
Max. T. 
Max. T. 
Max. T, 
Max. T, 
Max. T. 
Max. T. 
Max. T. 

Min. T, 
M in, T. 
Min. T. 
Min. T. 
Min. T. 
Min. T, 
Min. T. 
Min. T. 

Hrs Sun 
Hrs Sun 
Hrs Sun 
Hrs Sun 


2/6 

2/7 

2/8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

32 

36 

42 

32 

39 

45 

26 

36 

39 

3 X 

34 

40 

33 

38 

41 

36 

40 

44 

29 

35 

38 

14 

35 

31 

-9 

6 

15 

0 

25 

23 

-25 

-6 

5 

-20 

-15 

13 

-I 

10 

20 

6 

18 

33 

-38 

-19 

10 

1 

12 

15 

8.1 

7.9 

2.9 

8 . 3 

6 . 5 

0.0 

7,9 

7.2 

I 

3.1 

8.0 

3.4 ’ 
1 

0.5 | 
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Table F-3 

SITE 2, JANUARY, METEOROLOGICAL. DATA FOR SELECTED STATIONS 


Station ■ 

(Mnemonic) 1 Data for 


Free. 

Prec. 

Prec. 

Prec. 

Prec. 

Prec. 

Prec. 

Max. T. 
Max. T. 
Max. T. 
Max, T. 
Max. T. 
Max. T. 
Max. T. 

Min. T . 
Min. T. 
Min. T. 
Min. T . 
Min, T, 
Min. T. 
Min. T. 

Hrs Sun 


1/1 

l 

1/2 

i 

1/3 

1/4 

T 

T 

5 i 

85 

T 

6 

10 

52 

0 

0 

5 

45 

10 

8 

0 

51 

T 

! 30 ; 

20 

40 

T 

2 

0 

49 

0 

0 

0 

52 

2 

22 

17 

24 

26 

1 25 

21 

28 

30 

1 21 

16 

23 

24 

i 

’ 27 

27 

32 

30 

20 

22 

17 

23 

; 22 

18 

25 

26 

i 30 

1 

20 

25 

25 

i o 

1 

-1 

12 

i 

i 14 

9 

“i 

21 

1 9 

7 

2 

16 

' 16 

6 

4 

11 

! 7 

13 

1 

11 

8 

4 

4 

8 

1 16 

6 

2 

17 

6.7 

5.9 

0.0 

2 


27 

15 

32 

25 

27 

8 

36 

29 

23 

23 

24 

25 

25 

25 

12 

4 

8 

2 

12 

0 

-2 

-1 
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Table F -4 

SITE 2, JAN. -FEB. METEOROLOGICAL DATA FOR SELECTED STATIONS 


Station 

(Mnemonic) 


Data for 




Max. T. 
Max, T. 
Max, T. 
Max. T. 
Max. T. 
Max. T. 
Max. T, 

Min. T. 
Min, T. 
Min. T. 
Min. T. 
Min. T. 
Min. T. 
Min. T. 

Hrs, Sun 


1/29 

1/30 

1/31 

2/1 

2/2 

2/3 

2/4 






— 


0 

0 

0 

68 

85 

T 

T 

0 

0 

0 

137 

3/ 

0 

0 

5 

0 

0 

50 

43 

0 

22 

2 

0 

T 

1 

189 

T 

1 

T 

0 

0 

87 

58 

0 

T 

0 

0 

0 

12 

100 

T 

0 

2 

T 

0 

2 

56 

0 

T 

29 

11 

3 

42 

56 

18 

23 

28 

20 

17 

55 

51 

21 

26 

26 

6 

7 

36 

49 

16 

22 

31 

27 

16 

36 

56 

24 

28 

24 

13 

13 

41 

50 

14 

23 

28 

21 

5 

34 

49 

17 

22 

35 

30 

10 

35 

51 

20 

25 

16 

5 

-10 

0 

6 

-6 

4 

19 

7 

-3 

-1 

9 

-5 

8 

16 

0 

-15 


17 

-8 

2 

21 

9 

3 

4 

0 

2 

10 

15 

11 

-7 

-2 

5 

-8 

-1 

13 

-1 

-9 

4 

-7 

-3 

8 

16 

6 

-7 

6 

10 

-4 

12 

1. 8 

5.4 

3. 1 

0.1 

0.0 

i 

1 

6,7 

1.2 
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lable F -5 

SITE 2, FEB. -MARCH METEOROLOGICAL DATA FOR SELECTED STATIONS 


J Station 
{Mnemonic} 

Data for 

2/25 

2/26 

2/27 

2/28 

2/29 

3/1 

3/2 








L_\ ~ 


AK 

Prec. 

0 

0 

10 

0 

10 

0 

0 

CY 

Prec. 

0 

0 

5 

0 

38 

0 

0 

EF 

Prec. 

0 

1 

20 

0 

19 

0 

0 

FN 

Prec. 

0 

0 

2 

T 

25 

T 

0 

LR 

Prec. 

0 

0 

12 

0 

35 

0 

0 

CU 

Prec, 

0 

0 

8 

0 

17 

0 

0 

HN 

Prec. 

0 

0 

10 

0 

15 

0 

0 

AK 

Max. T . 

43 

44 

39 

19 

28 

21 

11 

CY 

Max. T. 

46 

43 

46 

24 

31 

27 

13 

EF 

Max. T. 

39 

46 

39 

19 

22 

20 

15 

FN 

Max, T. 

43 

40 

48 

27 

37 

36 

14 

LR 

Max, T. 

31 

46 

47 

18 

27 

20 

12 

CU 

Max. T. 

39 

42 

42 

22 

27 

26 

11 

HN 

Max, T. 

48 

46 

46 

23 

36 

35 

to 

AK 

Min. T. 

14 

22 

35 

13 

-7 

17 

-10 

CY 

Min. T, 

4 

26 

34 

18 

-1 

18 

-i 

EF 

Min. T. 

10 

26 

32 

7 

-5 

11 

-5 

FN 

Min. T. 

20 

23 

27 

9 

6 

7 

0 

LR 

Min. T. 

0 

18 

22 

6 

2 

5 

-6 

CU 

Min. T. 

18 

30 

22 

2 

0 

-4 

-7 

HN 

Min, T. 

12 

28 

23 

3 

-5 

0 

-4 

FN 

Hrs Sun 

9.8 

0.5 

2.4 

1.3 

1.8 

5.2 

0.0 




wgS'jj’j 


'?'( i "ufS^ 















D 


G 

E 

I 


I 


APPENDIX G 

SITE 2 LAND USE AND TOPOGRAPHY 


Plots cif snow water equivalent values in conjunction with land 
use are given in F ,',ures G-l, G-2 and G-3 for data sets 6D, 34N and 
6lR. The land v* chin the dashed lines and with slight shading is used for 
agricultural purposes. Land outside the dashed lines is primarily forest. 
The land use data were taken from maps given in Reference 26. For New 
Brunswick, Canada, the land within the dashed lines is used for the follow 
ing: cereals, livestock; dairy; potatoes; general framing, livestock; 
and pasture, livestock. For Maine, the land within the dashed lines is 
used for the following: dairy, poultry, mixed farming; dairy, general 
farming; and potatoes, general farming. 

Figure G-4 shows the major physiographic divisions and 
topography for the Saint John Basin. This figure was taken directly from 
Figure 3-1 of Reference 27. 
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Figure G-l. Snow Water Equivalent (Inches) for 6D with Agricultural Land Use Outlined 
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